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Abstract 

"The present invention relates to tricyclic pyrrole 
derivatives of the general formula 




wherein 

Ri to R4 each signify hydrogen, halogen, lower alkyl. 

phenyl, cycloalkyi or lower alkoxy and R2 

additionally signifies lower alkoxycarbonyl, 

acyloxy or mesyloxy; 
R5 to R7 each signify hydrogen or lower alkyl; 
X signifies -CH2CH(C6H5)-. -CH=C(C6H5)-. -YCH2-. 

-CH=CH- or -(CRiiRi2)n; 
R11 and R12 each signify hydrogen, ph»dnyl, lower alkyl or 

halogen; 

n signifies 1 to 3 and 

Y • • signifies O or S. 

as well as pharmaceutically usable salts of basic compounds of 
formula ! with acids. 

These compounds and salts are novel and are distinguished 
by valuable pharmacological properties. 

They can be used in the control or prevention of illnesses or 
in the improvement of health, especially in the control or 
prevention of central nervous disorders such as depressions, 
bipolar disorders, anxiety states, sleep and sexual disorders. 
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psychoses, schizophrenia, migraine and other conditions 
associated with cephalic pain or pain of a different kind, 
personality disorders or obsessive-compulsive disorders, social 
phobias or panic states, mental organic disorders, mental 
disorders in childhood, aggressivity, age-related memory 
disorders and behavioural disorders, addiction, obesity, bulimia 
etc;; damages of the nervous system by trauma, stroke, 
neurodegenerative diseases etc.; cardiovascular disorders such as 
hypertension, thrombosis, stroke etc.; and gastrointestinal 
disorders .suc^ as dysfunction of the gastrointestinal tract 
motiii'tyi • ^ *» 
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The present invention relates to tricyclic pyrrole deriv- 
5 atives. in particular it is concerned with pyrrole derivatives of 
the general formula 




10 wherein 

Ri to each signify hydrogen, halogen, lower alkyi, 

phenyl, cydoalkyl or lower alkoxy and R2. 

additionally signifies lower alkoxycarbcnyl, 

acyloxy or mesyloxy; 
15 R5 to R7 each signify hydrogen or lower alkyI; 

X signifies -CH2CH(C6H5)-. -CH=C(C6H5)-. -YCH2-. 

-CH=CH- or -(CRiiRi2)n; 
RII and R12 each signify hydrogen, phenyl, lower alkyI or 

halogen: 

20 n - signifies 1 to 3 and 

Y signifies O or S. 

as well as pharmaceutically usable salts of basic compounds of 
formula I with acids. 

These compounds and salts are novel and are distinguished 
by valuable pharmacological properties. 



25 



Objects of the present invention are compounds of general 
formula I and pharmaceutically acceptable salts thereof per se 
30 and as pharmaceutically active substances, the manufacture of 
the compounds and salts of general formula I. medicaments which 
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contain these compounds and salts of formula I and the manufac- 
ture of these medicaments, as well as the use of compounds of 
general formula I and of pharmaceutically usable salts thereof in 
the control or prevention of illnesses or In the improvement of 
health, especially in the control or prevention of central nervous 
disorders such as depressions, bipolar disorders, anxiety states, 
sleep and sexual disorders, psychoses, schizophrenia, migraine 
and other conditions associated with cephalic pain or pain of a 
different kind, personality disorders or obsessive-compulsive 
disorders, social phobias or panic states, mental organic dis- 
orders, mental disorders in childhood, aggressivity. age-related 
memory-.disQrder&4^ behavioural disorders, addiction, obesity, 
bulimia etc.; damages of the nervous . system by trauma, stroke, 
neurodegenerative diseases etc.r cardiovascular disorders such as 
hypertension, thrombosis, stroke etc.; and gastrointestinal 
disorders such as dysfunction of the gastrointestinal tract 
motility and. respectively, for the manufacture of corresponding 
medicaments. 

Furthermore, the compounds of the general formula 



wherein Ri to R7 and X have the significances given above 
and R8 -signifies a residue convertible into an amino group 
or a hydroxy group, 
are objects of the Invention. 

These compounds are important intermediates for the 
manufacture of the pharmaceutically valuable compounds of 
general formula I. 




n 



The term "lower" used in present description denotes 
residues with a maximum of 7, preferably up to 4. carbon atoms. 
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'alkyl" denotes straight-chain or branched, saturated hydrocarbon 
residues such as methyl, ethyl, propyl, isopropyl or t-butyl. and 
"alkoxy" denotes an alkyi group attached via an oxygen atom, 
"halogen" can signify CI, Br, F or 1. 

The term "pharmaceutically acceptable acid addition salts" 
embraces salts with inorganic and organic acids such as hydro- 
chloric acid, hydrobromic acid, nitric acid, sulphuric acid, 
phosphoric acid, citric acid, formic acid, fumaric acid, maleic 
acid, acetic acid, succinic acid, tartaric acid, methanesulphonic 
acid^fp-toluenesulphonic acid and the like. 

R5 can conveniently signify lower-alkyi, preferably methyl. 

Compounds in which R5 signifies hydrogen are also 
preferred. 

When R5 signifies methyl, compounds in which R\ R3 and R4 
signify hydrogen and R2 signifies halogen, lower alkyI or methoxy 
are especially preferred. - 

Some particularly preferred representatives' of the class of 
substance defined by general formula I in the scope of the present 
invention are: 

(S)-2-(4.4.7-Trimethyl-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 - 
yl)-1-methyl-ethylamine, 

(S)-2-(7-methoxy-4,4-dimethyl-1 .4-dihydro-indeno[1 .2-b]- 
pyrrol-1-yl)-l.methyl-ethylamine. 

(S)-2-(7-ethyl-4.4-dimethyl-1 ,4-dihydro-indeno[1 .2-b]- 
pyrrol-1-yl)-1-methyl-ethylamine. 

(S)-2-(7-methyl-1 .4-dihydro-indeno[1 ,2-b]pyrroL-1 -y|)- 1 - 
methyl-ethylamine. 

(S)-2-(7-brom-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine. 

(S)-2-(7-methoxy-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)- 
1 -methyl-ethylamine, 



I 
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4 

(S)-2-(7-chloro-1 ,4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-i . 
methyl-ethylamine, 

(S)-2-(8-methoxy-1H-benz[g]indol-1-yl)-l-methyl-ethyl- 
amine. 

5 

Compounds of general formula I as well as their pharma- 
ceutically acceptable salts can be manufactured in accordance 
with the invention by 

10 a) converting a compound of the general formula 



20 



na 



R* 



wherein Ri to R7 and X have the significances given above 
15 and R81 signifies a residue convertible into an amino group, 

into a corresponding amino compound and 

b) if desired, converting the compound of formula I obtained 
into a pharmaceutically acceptable salt. 

The compounds of general formula lla in which R81 signifies 
a residue convertible into an amino group, preferably an azido 
group, an acetylamino group or another protected amino group, can 
be prepared according to methods known per se as described in 
more detail below. When the residue R8i is an azido group, the 
manufacture of the compounds of formula I effected- is by ' 
reduction. This can be carried out with complex hydrides such as 
e.g. lithium aluminium hydride or by catalytic hydrogenation on 
metal catalysts such as e.g. platinum or palladium. When lithium 
aluminium hydride is used as the reducing agent, anhydrous ether 
or tetrahydrofuran is the most suitable solvent. Conveniently, 
this can be carried out as follows: after the dropwise addition of 
the compound of formula lla in which R8i signifies an azido group 
to a solution consisting of the anhydrous solvent and the hydride. 



5 2132887 

the mixture is boiled at reflux, subsequently hydrolyzed with 
aqueous ether or THF solution and the aluminium hydroxide and 
lithium hydroxide precipitate is extracted with aqueous ether or 
THF solution. 

The catalytic hydrogenation on metal catalysts, e.g. 
platinum or palladium, is conveniently effected at room temp- 
erature. Especially suitable solvents for this purpose are: water, 
alcohols, ethyl acetate, dioxan or mixtures of these solvents. The 
hydrogenation is effected under a hydrogen atmosphere, conven- 
iently in^^n autoclave or in a shaking apparatus. When R8i sig- ' 
nifies 'Sn , ac^.tylartiino group or another protected amino group 
such as e.g. trifluoromethylcarbonylamino, conversion into the 
corresponding amino compound is effected by hydrolysis. 

The hydrolysis to the corresponding amino compounds of 
general formula I is effected according to methods known per se. 
Metal hydroxides, for example sodium hydroxide or potassium 
hydroxide, which hydrolyze to the compounds of formula I in the 
presence of water and a water-miscible organic solvent such as 
ethylene glycol or the like, are suitable for this purpose. 

The conversion of the compounds of formula I into their 
corresponding acid addition salts is effected in the last 
operation, i.e. after the hydrogenation or hydrolysis without 
isolating the compounds of formula I. 

TheTumaric acid salts are especially well suited for 
pharmaceutical use on stability grounds. However, all other acids 
mentioned in the description also form pharmacologically accept- 
able salts. The salt formation is effected at room temperature, 
alcohol-ether mixtures are especially suitable as the solvent. 

The preparation of the intermediates of formula II which 
are required for the synthesis of the compounds of general 
formula I is presented in Scheme 1. In this, all substituents Ri to 
R'* have the significances given in formula I. R5i. r61 and R^i 
signify methyl. Me signifies methyl and Ac Is acetyl. X likewise 
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has the significance given in formula I. except -CH=CH-: the 
preparation of corresponding compounds in which X signifies 
-CH=CH- is shown in Scheme 2. 
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The preparation of the compounds of Ila2 starting from 
compound III is conveniently effected as follows: 

A compound of formula III is heated under reflux with 3- 
buten-2-ol. 2,2-dimethoxypropane and catalytic amounts of p- 
toluenesulphonic acid in anhydrous toluene. In a further variant, 
2,2-dimethoxypropane replaces toluene as the solvent. In this 
case, the reaction mixture is heated at reflux on a water 
separator which is filled with molecular sieve. Subsequently, the 
thus-obtain,ed compounds of formula IV are converted into the 
correspbhdihg oxo^ethyl compounds. For this purpose, the 
compound IV is disisolved in an anhydrous solvent, for example in 
dichloromethane and methanol, and treated with a stream of 
ozone at about -70oC. The compound of formula V can then be 
cyclized to the pyrrole-acetamino compounds. C_onveniently, N- 
acetylethylenediamine is used and toluene, or acetic acid is used 
as the solvent. After reaction and purification have been carried 
out the acetyl group can be cleaved off as described and the 
compound of formula Ila2 can be converted into a compound of 
formula I. 

The hydroxy compound of formula Ilb12 conveniently results 
starting from the compounds of formula V by cyclization with 1- 
amino-2-propanol in anhydrous toluene with catalytic amounts of 
p-toluenesulphonic acid by heating on a water separator. Subse- 
quently, the hydroxy group can be converted into a leaving group 
according to methods known per se. for example by conversion 
with a sulphonic acid chloride, preferably methanesulphonyl 
chloride, into the sulphonate. By treatment with an azide. prefer- 
ably sodium azide, in a polar solvent such as e.g. DMF. compounds 
of formula Ilb12 can be converted into the corresponding azido 
compounds of formula Hal 2 which, as described, can -be converted 
by reduction of the azido group into compounds of formula I. 

The compounds of formula V can also be prepared by another 
route in accordance with Scheme 1. 



9 
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A compound of formula III is conveniently heated with N N- 
dimethylhydrazine under argon and then distilled over a Vigreux 
column. The compound of formula VII obtained is treated with 
DMPU (1.3-dimethyl-3.4.5.6-tetrahydro-2(1H)-pyrimidinone) and 
dissolved in anhydrous THF. cooled to about -75oc and subse- 
quently treated with n-butyllithium in hexane as well as bromo- 
acetaldehyde dimethyl acetal. 

The resulting compound of formula VIII is subsequently 
^^^^^^S^ t\^e^rCompovrKi of formula V. after which an 
addition of phosphdte buffer and copper(ll) chloride dihydrate in 
THF is effected. 

Compounds of formula Ilb1 1 can also be prepared according 
to Scheme 1. These compounds can then be converted as describ- 
ed into the compounds of formula I. Conveniently, the following 
procedure can be followed: a compound of formula III dissolved in 
anhydrous THF is treated with diisopropylamine and n-butyl- 
hth.um- and subsequently treated with chloroacetone or 3-chloro- 
2-butanone. The resulting compounds VI are heated oh a water 
separator in anhydrous toluene with catalytic amounts of p- 
toluenesulphonic acid. Treatment with 1-amino-2-propanol then 
leads to the compounds of formula llbii. 

Scheme 2 shows the preparation of compounds of formula 
Ila22 in which Ri to R7 have the significances given above and X 
signifies -CH=CH-. Rio can be a methyl or trifluoro methyl group 
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Scheme 2 




R2 NHCOR^o 



na22 

The following procedure is conveniently followed: 

A compound of formula la is reacted in a solution consisting 
of triethylamine and ethyl trifluoroacetate in an anhydrcus 
solvent, preferably methanol, and after_drawing off the splyent 
the residue is taken up in dioxan and treated with DDQ (2,3- 
dichloro-5.6-dicyano-1 ,4-ben2oquinone). Subsequently, the 
protecting group can be cleaved off from the amino group as 
described. 

As mentioned earlier, the compounds of formula I and their 
pharmaceutically acceptable salts possess valuable pharmaco- 
logical properties They have the capacity to bind to serotonin 
receptors and are accordingly suitable for the treatment or 
prevention of illnesses or disorders of the kind referred to 
earlier and, respectively, for the manufacture of corresponding 
medicaments. 
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The binding of compounds of formula I in accordance with 
the invention to serotonin receptors was determined in vitro by 
standard methods. The preparations were investigated in accord- 
ance with the assays given hereinafter: 

Method I: 

, .^^r^^^^t^^^^ to the 5HTiA receptor in accordance with the 

3H-8-dH-d)PAt binding assay according to the method of S.J. 
Peroutka. Biol. Psychiatry 20., 971-979 (1985). 

b) For the binding to the 5HT2C receptor in accordance with the 
3H-mesulergine binding assay according to the method of A. Pazos 
et a!., Europ. J. Pharmacol. ISIS., 539-546 or. D. Hoyer, Receptor 
Research fi., 59-81 (1983). 

c) For the binding to the-5HT2A receptor in accordance with the 
3H-ketanserine binding assay according to the method of J.E. 
Leysen, Molecular Pharmacology 21, 301-304 (1981). 

The IC50 values of the test substances were determined, i.e. 
that concentration in nm by which 50% of the recootor-bound 
ligands are displaced. 

The thus-determined activity of some compounds in 
accordance with the invention as well as those of some compara- 
tive compounds will be evident from the following Table: 



Buspirone 
5 NAN-190 
5HT 

Metergoline 
mCPP 
RU 24969 

10 jCf^:93129;, 
Ritanserihe' 
Pirenperone 
3 
4 

15 5 
7 

21 

22 

23 
20 28 

30 

31 

3 2 

34 
25 53 

54 

55 

59 

64 
30 67 
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Test methods 





^ 






a 


h 




Q 


1 9.50 


3700.0 




990.0 


0.56 


1 800.0 




581.0 


1 .50 


9.-5 




1730.0 


4.80 


5.5 




64.9 


227.00 


53.0 




319.0 


8.0 


159.0 




2500.0 


1 620.00 


2780.0 




29200.0 


5750.00 


37.0 




3.1 


2879.00 


37.0 




2.9 


2830 IWfc 


1 1 .4 


V-ID 2160 


3230 


49.3 




2170 


2560 


20.2 




591 


2160 q/y 


24.0 


0 


1200 


1 350 


56.6 


/ 


2540 


1 590 


30.4 




1400 


347 


45.2 




3340 


1 070 


78.7 




1630 


O rf^ o 

298 


58.1 




479 


337 


28.1 




874 


139 l,'^ 


18.0 




1666 


1620 


107.0 




2640 


1 100 


308.0 




1 1300 


825 


1 16.0 




2590 - 


1260 


371 .0 




8350 




23.8 




1510 


384 


85.4 




773 


1750 


146.0 




1070 


3460 


143.0 




854 



*) 
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3 = (S)-2-(7-methoxy-1.4-dihydro-indeno[1.2-b]pvrrol-1-yl)-i 
methyl-ethylamine 

4= (S)-2-(7-chloro-1.4.dihydrc-indeno[1.2-b]pyrroI-1-y|)-i- 
5 methyl-ethylamine ^ ' 

5 = (S)-2-(8-methoxy-4,5-dihydro-1H-ben2[g]indol-1-yI)-i- 
methyl-ethylamlne 

10 7 - f,(S)-2-(8-methoxy-1H-benz[g]indol-1-y|)-i-m 

r- ;€lthyi%rtiine ^ 

21 = (RS)-2-{7-chloro-1,4-dihydro-lndeno[1.2-b]pyrrol-1-vl)-1- 

methyl-ethylamine 

15 

22 = (RS)-2-(7-methoxy-1.4-dihydro-indeno[1.2-b]pyrroI-1-vl)- 

1-methyl-ethylamine 

23 = 2-{7-methoxy-l.4-dihydro-indeno[1.2-b]pyrFol-l.yn- 
20 ethylamine 

28 = (R)-2-(7-methoxy-1.4-dihydro-indeno[1,2-b]pyrrol-1-vn-i- 
methyl-ethylamine ^ 

25 30 = (R)-2-(8-methoxy-4.5-dihydro-1H-benz[g]inclol-1-yl).i. 
methyl-ethylamine 

31 = (R)-2-(8-methoxy-lH-benz[g3indol-1-yl)-i-methyl-ethyl- 

amine ' 

30 

32 = 2-(8-methoxy-1H-ben2[g]indol-1.yI)-ethylamine 

34 = (RS)-1-(l.4-dihydrof1]benzopyrano[4.3-bJpyrrol-1-yl)-l- 
methyl-ethylamine 

35 

53 = (RS)-2-(6-chloro-1.4-dihydro-indeno[1.2-b]pyrrol-1-yl)-l- 
methyl-ethylamine ^ ' 
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54 = (RS)-1-(8-methoxy-1 .4-dihydro[1]benzopyrano[4,3-b]pyrro!- 

1 -yl)-l -methyl-ethylamine 

55 = {RS)-2-(6-methoxy-1 ,4-dihydro-indeno[1 .2-b]pyrrol-1-yl)- 

1 -methyl-ethylamine 

59 » 2-(8-methoxy-4,5-dihydro-1 H-benz[g]indol-1-yl)-ethyl- 
amine 

64 = (,R.S)-i1, (1.f^-dihydro[1]benzothiopyr^ 
1 -methyl-ethylamine 

67 = (RS)-2-(8-methoxy-1.4-dihydro-indeno[1,2-blpyrrol-1-yl)- 
1 -methyl-ethylamine 

69 = (2RS/4RS)-2-(4^p;hlnyfe-1,4-dihydro-indeno[1,2-b]pyrrol-1- 
yl)-1-methyl-ethylamine 



Mftthod II: 




a) Displacement tests with [3H]-5-HT(1 nM) as the radioligand 
on recombinant human-5HTiA receptors expressed in 3T3 cells of 
mice were carried out in order to determine the affinity of a 
compound to the 5HTia receptor. Membranes which had been 
obtained from 2 x 10^ cells were used as were various concen- 
trations of the respective test compound. 

b) For the binding to the 5HT2C receptor in accordance with the 
[3H]-5-HT binding assay according to the method of S.J Peroutka 
3t al., Brain Research 5M. 191-196 (1992). 

c) For the binding to the 5HT2A receptor in accordance with the 
[3HJ-DOB binding assay according to the method of T. Branchek et 
al., Molecular Pharmacology 23.. 604-609 (1990). 

The pki values (pki = -log^io Ki) of the test substances are 
given. The ki value is defined by the following formula: 
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in which the IC50 values are those concentrations of test 
compounds in nm by which 50% of the receptor-bound ligands are 
displaced. [L] is the concentration of ligand and the Kq value is 
the dissociation constant of the ligand. 

The I thus-determined activity of some compounds in 
accordance wi,th/ the invention will be evident from the following 
Table: 



Test method 





a 


b 


c 


1 


5.66 


8.49 


7.27 


2 


5.39 


9.44 


8.03 


3 




8.16 


7.12 


8 


5.34 


8.63 


7.18 


9 


5.56 


8.29 


7.46 


12 


5.00 


8.00 


6.94^ 


14 


5.00 


7.78 


7.62 


17 


5.00 


7.74 


6.25 


25 


5.00 


7.38 


6.26 


26 


5.25 


7.58 


7.17 


37 


5.32 


- 7.45 


6.51 


44 


5.73 


7.10 


6.57 


50 


5.62 


6.97 


6.35 



1 = (S)-2-(4,4,7-Trimethyl-1 ,4-dihydro-indeno[1 .2-b]pyrrol- 
1-yl)-1-methyl-ethylamine fumarate (1:1) 



2 = (S)-2-(7-Methoxy-4,4-dimethyl-1 ,4-dihydro-indeno- 
[1 .2-b]pyrrol-1-yl)-1 -methyl-ethylamine fumarate (1:1) 

8 = (S)-2-(7-Ethyl-4,4-dimethyl-1 .4-dihyd^o-inde^o- 
[1 .2-b]pyrrol-1 -yl)-1 -methyl-ethylamine fumarate (1:1) 
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9 = (S)-2-(7-Fluor-4,4-dimethyl-1.4-dihydro-indeno[1.2-bl 
pyrrol-1-yl)-1-methyl-ethylamine fumarate (1:1) 

12 = (S)-2-{7-Methoxy-4,4-diethyl-1.4-dihydro-indeno- 

[1,2-b]pyrrol-1-yl)-1-methyl-ethylamine fumarate (1:0.5) 

14 = (S)-2-(7|ii^ir8-1.4-dihydro-indeno[1,2-blpyrrol-1-yl)- 
1-methyl-ethylamine fumarate (1:0.5) 

1 7 , = (S)-2-(7-Ethyl-1.4-dihydro-indeno[1.2-b]pyrrol-1-yl)-1- 
: m fumarate (1:0.5) 

25 = (S)-2-(6.7-Difluoro-1 .4-dihydro-indeno[1 .2-b]pyrrol-1- 
yl)-1-methyl-ethylamine fumarate (1:0.5) 

26 = (S)-2-(6-chloro-7-methoxy-4.4-dimethyl-1.4-dihydro- 
indeno[1.2-blpyrrol-1-yl)-1-methyl-ethylamine-fumarate 

(1:0.5) 

37 = (RS)-2-15-chloro-1.4-dihydro-indeno[1.2-b]pyrrol-1-yl)- 
1-methyl-ethylamine fumarat (1:0.5) 

44 = (S)-1 -Methyl-2-(7'-methyl-1 •.4'-dihydro-spiro[cyclo- 
pentane-l.4'-indeno[1.2-blpyrrol]-l-yl)-ethylamine 

fumarate (1:1) 

50 = (RS)-2-(5-Methyl-1.4-dihydro-indeno[1.2-b]pyrrol-1-yl^ 
1-methyl-ethylamine fumarate (1:0.5) 

It has been shown that penile erection is dependent on the 
stimulation of the 5HT2C receptor (see Berendsen & Broekkamp. 
Eur.J. Pharmacol, 135. 179-184 (1987)). 

The number of penile erections was determined within 

45 minutes following administration of the test substance to the 
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animal. The ED50 is that dosage which brings about 50% of these 
erections. 

Example No. ED50 (mg/kg, s. c.) 

1 0.90 

2 0.50 

3 1.20 

4 2.70 
,5 3.20 

5 The compounds of formula I and the pharmaceutically 

acceptable acid addition salts of the compounds of formula I can 
be used as medicaments, e.g. in the form of pharmaceutical prep- 
arations. The pharmaceutical preparations can be administered 
orally, e.g. in the form of tablets, coated tablets, dragees, hard 

ID and soft gelatine capsules, solutions, emulsions or suspensions. 
The administration can. however, also be effected rectally, e.g. in 
the form of suppositories, parenterally. e.g. in the form of 
injection solutions, or nasally. 

15 For the manufacture of pharmaceutical preparations, the 

compounds of formula I and the pharmaceutically acceptable acid 
addition salts of the compounds of formula I can be processed 
with pharmaceutically inert, inorganic or organic carriers. 
Lactose, corn starch or derivatives thereof, talc, stearic acid or 

20 its salts and the like can be used, for example, as such carriers 
for tablets, coated tablets. drag§es and hard gelatine capsules. 
Suitable carriers for soft gelatine capsules are. for example, 
vegetable oils, waxes, fats, semi-solid and liquid oolyols and the 
like. Depending on the nature of the active substance no carriers 

25 are, however, usually required in the case of soft gelatine 

capsules. Suitable carriers for the manufacture of solutions and 
syrups are, for example, water, polyols, glycerol, vegetable oil 
and the like. Suitable carriers for suppositories are. for example, 
natural or hardened oils, waxes, fats, semi-liquid or liquid 

30 polyols and the like. 
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The pharmaceutical preparations can, moreover, contain 
preservatives, solubilizers. stabilizers, wetting agents, 
emulsifiers, sweeteners, colorants, flavorants, salts for varying 
the osmotic pressure, buffers, coating agents or antioxidants. 
5 They can also contain still other therapeutically valuable 
substances. 

Medicaments containing a compound of formula I or a 
pharmaceutically acceptable acid addition salt thereof and a 

10 therape^uticajly; inert carrier are also an object of the present 
invention, as is a process for their manufacture which comprises 
bringing one or more compounds of formula I and/or pharma- 
ceutically acceptable acid addition salts thereof into a galenical 
administration form together with one or more therapeutically 

15 inert carriers^ 

In accordance with the invention compound of general 
formula I as well as their pharmaceutically acceptable acid 
addition salts can be used in the treatment or prevention of 

20 centraf nervous disorders such as depressions, bipolar disorders, 
anxiety states, steep and "sexual disorders, psychoses, schizo- 
phrenia, migraine and other conditions associated with cephalic 
pain or pain of a different kind, personality disorders or 
obsessive-compulsive disorders, social phobias -or panic states, 

25 mental organic disorders, mental disorders in childhood, 
aggressivity, age-related memory disorders and behavioural 
disorders, addiction, obesity, bulimia etc.; damages of the 
nervous system by trauma, stroke, neurodegenerative diseases 
etc.; cardiovascular disorders such as hypertension, thrombosis, 

30 stroke etc.; and gastrointestinal disorders such as dysfunction of 
the gastrointestinal tract motility and, respectively, for the 
manufacture of corresponding medicaments. The dosage can vary 
within wide limits and will, of course, be fitted to the individual 
requirements in each particular case. In the case of oral admini- 

35 stration the dosage lies in a range of about 0.01 mg per dose to 
about 500 mg per day of a compound of general formula I or the 
corresponding amount of a pharmaceutically acceptable acid 
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addition salt thereof, although the upper limit can also be 
exceeded when this is fcjnd to be indicated. 

The following Examples illustrate the present invention in 
5 more detail. However, they are not intended to limit its scope in 
any manner. All temperatures are given in degrees Celsius 

Example 1 

ID a) A solution of 18.9 g (108 mmol) of 3,3,6-trimethyl-1 - 
indanone, 22,4 ml (0.26 mol) of 3-buten-2-ol and 300 mg of p- 
toluenesulphonlc ,acid in 200 ml of 2,2-dimethoxy-propane was 
boiled under reflux for 64 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reaction 

15 mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/ethyl acetate 
6:1). ki addition to 4.5 g of educt there were obtained 12.7 g 
(51%) of (RS)-2-(2-buten-1-yl)-3,3.6-trimethyl-1-indanone as a 
yellow oil 

20 

b) An ozone stream (2.5 g ozone/hour) was conducted for 
60 minutes while stirring through a solution, cooled to -70^ of 
12.7 g (55.6 mmol) (RS)-2-(2-buten-1 -yl)-3.3,6-trimethyl-1 - 
indanone in 200 ml of anhydrous dichloromethane and 40 ml of 

25 anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 6.12 ml (83.4 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 18 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 

30 treated with 150 ml of dichloromethane and, after the addition 
of 25 ml of water and 25 ml of trifluoroacetic acid, stirred at 
room temperature for 2.5 hours. The mixture was subsequently 
poured into 150 ml" of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 

35 100 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 150 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 11.3g (94%) 
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of (RS)-2-(2-oxoethyl)-3.3.6-trimethyl-1-indanone as a light 
yellow oil. 

c) A solution of 2.16 g (10 mmol) of (RS)-2-(2-oxoethyl)- 
3,3.6-trimethyl-1-indanone and 80 ml of p-toluenesulphonic acid 
In 90 ml of anhydrous toluene was heated on a water separator. 

A solution of 3.0 g (40 mmol) of (R)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
splution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced td '%. volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/hexane 1:2). 1.5 g (59%) of (R)-1-(4.4.7-trimethyl-1 .4- 
dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol were obtained as 
a brown oil. 

d) 0.91 ml (11.7 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°. of 1.5 g 
(5.87 mmol) of (R)-1 -(4,4.7-trimethyl-1 ,4-dihydro-indeno[1 ,2- 
blpyrrol-1-yl)-propan-2-ol and 3.27 ml (23.5 mmol) of triethyl- 
amine in 50 ml of dichloromethane and the mixture_ was stirred 
at this temperature for a further 1 .5 hours. The reaction mixture 
was subsequently diluted with 150 ml of dichloromethane, 
washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The green solid obtained was dissolved 
in 50 ml o1 anhydrous dimethylformamide. treated with 0.76 g 
(11.7 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 15 hours while stirring. Afte' cooling the solution 
was poured into 100 ml of water and extracted twice with 

100 ml of ethyl acetate each time. The combined organic phases 
were washed once with 100 ml of water and once with 100 ml 
of saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
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silica gel (hexane/ethyl acetate 4:1). 1.13 g (68%) of (S)-1-{2- 
azido-propyl)-4,4,7-trimethyl-1.4-dihydro-indeno[1.2-b]pyrroie 

were obtained as a reddish oil. 

e) 1.1 g (3.92 mmol) of {S)-1-(2-a2ido-propyl)-4.4.7-tri- 
methyl-1 .4-dihydro-indeno[1 .2-b]pyrrole dissolved in 50 ml of 
anhydrous ethanol were hydrogenated on 110 mg of platinum 
oxide for 4 hours. The catalyst was subsequently filtered off, 
rinsed with. ^thanol , and the solvent was drawn off in a vacuum. 
The colourless oil obtained was dissolved in 80 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 455 mg (3.92 mmol) of fumaric acid in 15 ml of ...^i..anol. 
The mixture was stirred at room temperature for 24 hours and 
the white crystals were subsequently filtered off. 805 mg (77%) 
of (S)-2-(4.4,7-trimethyl-1,4-dihydro-indeno[1 ,2-blpyrrol-1 -yl)- 
1.-methyl-ethylamine fumarate (1:1) with m.p. 196^ were 
obtained. 

Example 2 

a) A solution of 12.1 g (63.7 mmol) of 6-methoxy-3.3-. 
dimethyl-1-indanone. 11.1ml (0.13 mol) of 3-buten-2-ol and 
110 mg of p-toluenesulphonic acid in 110 ml of 2,2-dimethoxy- 
propane was boiled" under reflux for 67 hours on a water 
separator filled with molecular sieve (0.4 nm. 2mm pearl 
shaped). The reaction mixture was subsequently concentrated in 
a vacuum and purified by column chromatography on silica gel 
(hexane/diethyl ether 4:1). In addition to 4.64 g of educt there 
were obtained 5.86 g (38%) of (RS)-2-(2-buten-1 -yl)-6- 
methoxy-3.3-dimethyl-1-indanone as a yeilow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 

40 minutes while stirring through a solution, cooled to -70°, of 
5.86 g (24 mmol) of (RS)-2-(2-buten-1 -yl)-6-methoxy-3.3- 
dimethyl-1-indanone in 100 ml of anhydrous dichloromethane and 
20 ml of anhydrous methanol. Subsequently, the solution was 
flushed with oxygen for 5 minutes and with argon for 
10 minutes. After the addition of 2.64 ml (36 mmol) of di- 



2132887 

22 

methyl sulphide the mixture was stirred at room temperature for 
4 hours. The reaction mixture was evaporated in a vacuum, the 
residue was treated with 60 ml of dichloromethane and, after 
the addition of 10 ml of water and 10 ml of trifluoroacetic acid, 
stirred at room temperature for 2 hours. The mixture was sub- 
sequently poured into 100 ml of water and neutralized by the 
spatula-wise addition of sodium hydrogen carbonate while 
stirring . A further 50 ml of water were added, the phases were 
separated and the aqueous phase was extracted twice with 
150 ml of dichloromethane each time. The combined organic 
phases w^re dried over magnesium sulphate and concentrated in a 
vacuum^- 4/94:^^^^^ of (RS)-2-(2-oxoethyl)-6-methoxy-3.3- 

dimethyl-l'-indanone were obtained as a light yellow oil. 

c) A solution of 4.94 g (21.3 mmol) of (RS)-2-(2-oxoethyl)- 
6-methoxy-3.3-dimethyl-1-indanone and 220 ml of p-toluene- 
sulphonic acid in 200 ml of anhydrous toluene was heated on a 
water separator. A solution of 6.39 g (85.2 mmol) of (R)-1- 
amino-2-propanol in 40 ml of anhydrous toluene was added 
dropwise to the boiling solution over a period of 5 minutes, 
during which the solvent was reduced to a volume of 40 ml. The 
cooled- reaction mixture was purified by column chromatography 
on silica gel (diethyl ether/hexane 7:3). 3.42 g (60%) of (R)-1- 
(7-methoxy-4.4-dimethyl-1,4-dihydro-indeno[1.2-b]pyrrol-1-yl)- 

propan-2-ol were obtained as a brown oil. 

d) 2.0 ml (25.4 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 
3.42 g (12.7 mmol) of (R)-1 -(7-methoxy-4,4-dimethyl-1 ,4- 
dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol and 7.3 ml 
(50.8 mmol) of triethylamine in 70 ml of dichloromethane and 
the mixture was stirred at this temperature for a further 
1.5 hours. The reaction mixture was subsequently diluted with 
170 ml of dichloromethane. washed twice with 90 ml of 
saturated sodium hydrogen carbonate solution each time and the 
combined aqueous phases were extracted once with 70 ml of 
dichloromethane. The combined organic phases were washed with 
90 ml of saturated sodium chloride solution, dried over mag- 
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nesium sulphate and evaporated in a vacuum. The green oil 
obtained was dissolved in 70 ml of anhydrous dimethylform- 
amide, treated with 1.35 g (20.4 mmol) of sodium azide and the 
reaction mixture was heated to 60° for 20 hours while stirring. 

5 After cooling the solution was poured into 1 00 ml of water and 
extracted three times with 100 ml of ethyl acetate each time. 
The combined organic phases were washed once with 100 ml of 
water and once with 100 ml of saturated sodium chloride 
solution, dried over magnesium sulphate and the solution was 

10 concentrated in a vacuum. The brown oil obtained was purified by 
column chronnatog'riiphy on silica gel (hexane/ethyl acetate 4:1). 
1.89 g (50%) of (S)-1-(2-azido-propyl)-7-methoxy-4.4-di- 
methyl-1,4-dihydro-indeno[1,2-b]pyrrole were obtained as a 
yellow oil. 



e) 1.89_g (83.8 mmol) of (S)-1-(2-azido-propyl)-7-methQxy- 
4,4-dimethyl-1 .4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 
100 ml of anhydrous ethanol were hydrogenated on 190 mg of 
platinum oxide for 2 hours. The catalyst was subsequently 

20 filtered off, rinsed with ethanol and the solvent was drawn off in 
a vacuum. The colourless oil obtained was dissolved in 100 ml of 
anhydrous diethyl ether, filtered and treated with a solution of 
740 mg (6.38 mmol) of fumaric acid in 15 ml of methanol. The 
mixture was stirred at room temperature for 15 hours and the 

25 white crystals were subsequently filtered off. 1 .46 g (60%) of 
(S)-2-(7-me4hoxy-4,4-dimethyl-1 ,4-dihydro-indeno[1 ,2-b]- 
~ pyrrol-1-yl)-1-methyl-ethylamine fumarate (1:1) with m.p. 181° 
were obtained. K 



a) A solution of 9.3 g (57.3 mmol) of 6-methoxy-1 -indanone, T^'' - 
11.8 ml (0.14 mol) of 3-buten-2-ol and 100 mg of p-toluene- 
sulphonic acid in 100 ml of 2.2-dimethoxypropane was boiled 
35 under reflux for 64 hours on a water separator filled with molec- 
ular sieve (0.4 nm, 2 mm pearl shaped). The reaction mixture 
was subsequently concentrated in a vacuum and purified by 
column chromatography on silica gel (hexane/diethyl ether 4:1). 



15 
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9.2 g (74%) of (RS)-2 (2-buten-1-yl)-6-methoxy-1-indanone 
were obtained as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 80 
minutes while stirring ti. rough a solution, cooled to -70°. of 
15.2 g (70.3 mmol) of (RS)-2-(2-buten-1 -yl)-6-methoxy-1 - 
indanone in 250 ml of anhydrous dichloromethane and 50 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 7,75 ml (105 mmol) of dimethyl sulphide the mixture 
was stiVred ait' rddm temperature for 15 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 250 ml of dichloromethane and, after the addition of 25 ml 
of water and 25 ml of trifluoroacetic acid, stirred at room tem- 
perature for 3 hours. The mixture was subsequently poured into 
156 ml of water and neutralized while stirring by the spatula- 
wise addition of sodium hydrogen carbonate. A further 100 ml of 
water were added, the phases were separated and the aqueous 
phase was extracted twice with 150 ml of dichloromethane each 
time. The combined organic phases were dried over magnesium 
sulphate^ concentrated in a vacuum and the crude product obtained 
was crystallized from diethyl ether/hexane. 12 g (83%) of (RS)- 
2-(2-oxoethyl)-6-methoxy-1 -indanone were obtained as a light 
yellow solid with m.p. 59°. 

c) A solution of 2 g (9.8 mmol) of (RS)-2-(2-oxoethyl)-6- 
methoxy-1 -indanone and 80 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.94 g (39.2 mmol) of (R)-1 -amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling - 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 30 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 1:1). 1.5 g (63%) of (R)-1-(7-methoxy-1 .4- 
dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol were obtained as 
a solid with m.p. 75°. 
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d) 0.96 ml (12.3 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°. of 1.5 g 
(6.2 mmol) of (R).1-(7-methoxy-1 .4-dihydro-indeno[1 .2-b]- 
pyrrol-1-yl)-propan-2-ol and 3.45 ml (24.6 mmol) of triethyl- 
amine in 50 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of diethyl ether, washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted .once with 70 ml of diethyl ether. The combined 
organic-iphases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum^ The brown oil obtained was dissolved in 60 ml of 
anhydrous dimethylformamide. treated with 0.77 g (11.8 mmol) 
of sodium azide and the reaction mixture was heated to 60° for 
15 hours while stirring. After cooling the solution was poured 
into 140 ml of water and extracted twice with 140 ml of diethyl 
ether each tine. The combined organic phases were washed, once 
with 100 ml of water and once with 100 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was puri- 
fied by column chromatography on silica gel (toluene). 1-Og 
(60%) of (S)-1-(2-azido-propyl)-7-methoxy-1.4-dihydro-indeno- 

[1 .2-b]pyrrole was obtained as a colourless oil. 

e) 1g (3.7 mmol) of (S)-1 -(2-azido-propyl)-7-methoxy-1 .4- 
c'ihydro-indeno[1 .2-b]pyrrole dissolved in 50 ml of anhydrous 
ethanol was hydrogenated on 100 mg of platinum oxide for 4 
hours. The catalyst was subsequently filtered off. rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 100 ml of anhydrous ether, 
filtered and treated while stirring with a solution of 240 mg 
(2.07 mmol) of fumaric acid in 20 ml of methanol. The mixture 
was stirred at room temperature for 18 hours and the white 
crystals were subsequently filtered off. 870 mg (77%) of (S)-2- 
(7-methoxy-1.4-dihydro-indeno[1.2-b]pyrrol-1-yl)-1-methyl- 

ethylamine fumarate (1:0.5) with m.p. 206° were obtained. 



26 



2132887 



a) A solution of 20.2 g (0.12 mol) of 6-chloro-1-indanone, 
25 ml (0.29 mol) 3-buten-2-ol and 200 mg of p-toluene- 
sulphonic acid in 25 ml of 2.2-dimethoxypropane and 200 ml of 
anhydrous toluene was boiled under reflux for 16 hours: The 
reaction mixture was subsequently concentrated in a vacuum and 
purified by column chromatography on silica gel (hexane/diethyl 
ether 5-4);.^/^; (39%) of (RS)-2-(2-buten-1-yl)-6-chloro-1- 
indanorie were obtained as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 45 
minutes while stirring through a solution, cooled to -70o, of 
10-3 g (46.7 mmol) of (RS)-2-(2-b'uten-i -yl)-6-chloro-1 - 
indanone in 200 ml of anhydrous dichloromethane and 100 ml of 
anhydrous methanol. Subsequently, the mixture was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 5.13 ml (70 mmol) of dimethyl sulphide the mixture 
was stirred at room temperature Tcr ^2 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 60 ml of dichoromethane and. after the addition of 15 ml of 
water and 15 ml of trifluoroacetic acid, stirred at room temper- 
ature for 3 hours. The mixture was subsequently poured into 

150 ml of water and neutralized by the spatula-wise addition of 
sodium hydrogen carbonate while stirring. A further 100 ml of 
water were added, the phases were separated and the aqueous 
phase was extracted twice with 1 50 ml of dichloromethane each 
time. The combined organic phases were dried over magnesium 
sulphate, concentrated in a vacuum and the crude product obtained 
was recrystallized from ethyl acetate/hexane. 8.29 g (85%) of 
(RS)-2-(2-oxoethyl)-6-chloro-1 -indanone were obtained as a 
white solid with m.p. 80°. 

c) A solution of 2.5 g (12.0 mmol) of (RS)-2-(2-oxoethyl)-6- 
chloro-1 -indanone and 100 mg of p-toluenesulphonic acid in 
120 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.6 g (47.9 mmol) of (R)-1 -amino-2-propanoi in 
20 ml of anhydrous toluene was added dropwise to the boiling 
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solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 30 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
5 acetate/toluene 1:1). 2.42 g (81%) of (R)-1 -(7-chloro-1 .4- 
dihydro-indeno[1 ,2-b]pyrroM-yl)-propan-2-ol were obtained as 
a brown oil which was used directly in the next reaction. 

d) 1.53 ml (19.54 mmol) of methanesulphonyl chloride were 

10 addedf dropvvise while stirring to a solution, cooled to 0^, of 
2.42 g ' (^^^^^^ of (R)-1 -(7-chloro-1 .4-dihydro-indeno[1 ,2- 

b]pyrrol-1-yl)-propan-2-ol and 5.48 ml (39.1 mmol) of triethyl- 
amine in 70 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 

15 was subsequently diluted with 200 ml of diethyl ether, washed 
twice with 70 ml of saturated sodium hydrogen carbonate sol- 
ution each time and the combined aqueous phases were extracted 
once with 70 ml of diethyl ether. The combined organic phases 
were washed with 70 ml of saturated sodium chloride solution. 

20 dried over magnesium sulphate and evaporated in a vacuum. The 
brown oil obtained was dissolved in 50 ml of anhydrous di- 
methylformamide, treated with 1.27 g (19.54 mmol) of sodium 
azide and the reaction mixture was heated to 60^ for 15 hours 
while stirring. After cooling the solution was poured into 

25 140 ml of water and extracted twice with 140 ml of diethyl 
ether each time and once with 70 ml of ethyl acetate. The- com- 
bined organic phases were washed once with 100 ml of water and 
once with 100 ml of saturated sodium chloride solution, dried 
over magnesium sulphate and the solution was concentrated in a 

30 vacuum. The brown oil obtained was purified by column chroma- 
tography on silica gel (toluene). 1.5 g (56%) of (S)-1-(2-azido- 
propyl)-7-chloro-1 .4-dihydro-indeno[1 ,2-b]pyrrole were obtained 
as an oil. 

35 e) 1.5 g (5.5 mmol) of (S)-1 -(2-a2ido-propyl)-7-chloro-1 .4- 
dihydro-indeno[1 ,2-b]pyrrole dissolved in 50 ml of anhydrous 
ethanoi were hydrogenated on 150 mg of platinum oxide for 14 
hours. The catalyst was subsequently filtered off. rinsed with 
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ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 100 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
306 mg (2.64 mmpi) of methanol. The mixture was stirred at 
room temperature for 3 hours and the white crystals were sub- 
sequently filtered off. 1.12 g (67%) of (S)-2-(7-chloro-1 .4- 
dihydro-indeno(1 .2-blpyrrol-1 -yl)-1 -methyl-ethylamine fumarate 
(1:0.5) with m.p. 197o were obtained. & 



methoxy-1-tetralone and 100 mg of p-toluenesulphonic acid in 
90 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.78 g (37 mmol) of (R)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 30 minutes, during wNch the solvent 
was reduced to a volume of 25 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 1:1). 2.25 g (94%) of (R)-1-(4.5-dihydro-8- 
methoxy-tH-benz[g]indol-1-yl)-propan-2-ol were obtained as a 
brown oil which was used directly in the next reaction. 

b) 1.4 ml (18 mmol) of methanesulphonyl chloride were added 
dropwise while stirring to a solution, cooled to OOC, of 2.25 g 
(9 mmol) of- ( R)-l--(4.5-dihydro-8-methoxy-1 H.-benz[g]indpl.-1 - 
yl)-propan-2-ol and 5 ml (36 mmol) of triethylamine in 60 ml 
of dichloromethane and the mixture was stirred at this temper- 
ature for a further 1.5 hours. The reaction mixture was subse- 
quently diluted with 300 ml of diethyl ether, washed twice with 
100 ml of saturated sodium hydrogen carbonate solution and the 
combined aqueous phases were extracted once with 100 ml of 
diethyl ether. The combined organic phases were washed with 
100 ml of saturated sodium chloride solution, dried over mag- 
nesium sulphate and evaporated in a vacuum. The brown oil 
obtained was dissolved in 50 ml of anhydrous dimethyl forma- 
mide. treated with 1.17 g (18 mmol) of sodium azide and the 
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reaction mixture was heated to 60° for 15 hours while stirring. 
After cooling the solution was poured into 140 ml of water and 
extracted twice with 140 ml of diethyl ether each time. The 
combined organic phases were washed once with 100 ml of water 
and once with 100 ml of saturated sodium chloride solution, 
dried over magnesium sulphate and the solution was concentrated 
in a vacuum. The brown oil obtained was purified by column 
chromatography on silica gel (toluene). 1.78 g (71%) of (S)-1-(2- 
azido-propyl)-4.5-dihydro-8-methoxy-1 H-benz[g]indole were 
obtained?, as a, colourless oil. 



c) 2.78 g (9.8 mmol) of (S)-1 -(2-a2ido-propyl)-4,5-dihydro- 
8-methoxy-1 H-benz[g]indole dissolved in 100 ml of anhydrous 
ethanol were hydrogenated on 280 mg of platinum oxide for 
1 6 hours. The catalyst was subsequently filtered off, rinsed 
with ethanol and the solvent was drawn off in a vacuum. 700 mg 
(2.7 mmol) of the colourless oil obtained were dissolved in 
100 ml of anhydrous diethyl ether, filtered and treated while 
stirring with a solution of 317 mg (2.7 mmol) of fumaric acid In 
20 ml of methanol. The mixture was stirred at room temperature 
for 2 hours and the white crystals were subsequently filtered off. 
820 mg (81%) of (S)-2-(4,5-dihydro-8-methoxy-1 H-benz[g]jndol- 
1-yl)-1-methyl-ethylamine fumarate (1:1) with m.p. 193° were 
obtained. 



a) A solution of 19.7 g (0.13 mol) of 6-fiuoro-1-indanone. 
27.0 ml (0.31 mol) of 3-buten-2-ol and 200 mg of p-toluene- 
sulphonic acid In 200 ml of 2.2-dlmethoxypropane was boiled 
under reflux for 67 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm peari shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 
4:1). 18.9 g (71%) of (RS)-2-(2-buten-1 -yl)-6-fluoro-1 -indanone 
were obtained as a yellow oil. 



1 . 



Example 6 
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b) An ozone stream (3 g ozone/hour) was conducted for 100 
minutes while stirring through a solution, cooled to -70°, of 
18.9 g (92.5 mmol) of (RS)-2-(2-buten-1 -yl)-6-fluoro-1 - 
indanone in 300 ml of anhydrous dichloromethane and 60 ml of 

5 anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 102 ml (140 mmol) of dimethyl sulphide the mixture 
was stirred at room temperature for 16 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 

ID with 300 ml bl dichloromethane and, after the addition of 43 ml 
of water and 43 nil of trifluoroacetic acid, stirred at room 
temperature for 3 hours. The mixture was subsequently poured 
into 200 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 

15 100 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 200 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate, concentrated in a vacuum and the crude 
product obtained was crystallized from diethyl ether/hexane. 

20 16.5 g (92%) of (RS)-2-(2-oxo-ethyl)-6-fluoro-1 -indanone were 
obtained as a white solid with m.p. 62°. 

c) A solution of 1.92g (10 mmol) of (RS)-2-(2-oxo-ethyl)- 
6-fluoro-1 -indanone and 80 mg of p-toluenesulphonic acid in 

25 90 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g- (40 mmol) of (R)-1-arTfino-2-prdpanol in 20 m1 
of anhydrous toluene was added dropwise to the boiling solution 
over a period of 5 minutes. Subsequently, the mixture was boiled 
for a further 30 minutes, during which the solvent was reduced to 

30 a volume of 20 ml. The cooled reaction mixture was purified by 
column chromatography on silica gel (ethyl acetate/toluene 1:1). 
1.73 g (75%) of (R)-1-(7-fluoro-1 .4-dihydro-indeno[1.2-b]pyrrol- 
1-yl)-propan-2-ol were obtained as a brown oil which was used 
without further purification in the next reaction. 

35 

d) 1.17 ml (15.0 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 
1.73 g (7.5 mmol) of (R)-1 -(7-fluoro-1 .4-dihydro-indeno[1 .2- 
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b]pyrrol-1-yl)-propan-2-ol and 4.2 ml (29.9 mmol) of triethyl- 
amine in 60 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 150 ml of diethyl ether, washed 

5 twice with 60 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 70 ml of diethyl ether. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride splution. dried over magnesium sulphate and evaporated 

10 in a vacuum, The brown oil obtained was dissolved in 50 ml of 
anhydrous dimethVlformamide, treated with 973 mg (15.0 mmol) 
of sodium azide and the reaction mixture was heated to 50° for 
15 hours while stirring. After cooling the solution was poured 
into 110ml of water and extracted twice with 110ml of diethyl 

15 ether each time and once with 60 ml of ethyl acetate. The 

combined organic phases were washed once with 80 ml of water 
and once with 80 ml of saturated sodium chloride solution, dried 
over magnesium sulphate and the solution was concentrated in a 
vacuum. The brown oil obtained was purified by column chroma- 

20 tography on silica gel (toluene). 750 mg (39%) of (S)-1-(2- 
az5do-propyl)-7-fluoro-1 .4-dHiydro-indeno[1 .2-b]pyrrole were 
obtained as a colourless oil. 

e) 750 mg (2.9 mmol). of (S)-1 -(2-azido-propyl)-7-fluoro- 
25 1 .4-drhydro-indeno[1.2-b]pyrroie dissolved in 40 ml of anhydrous 
ethanol were hydrogenated on 75 mg of platinum oxide for 15 
hours. The catalyst was subseq^-ently filtered off. rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 100 ml of anhydrous diethyl 
30 ether, filtered and treated while stirring with a solution of 

370 mg (1.46 mmol) of fumaric acid in 20 ml of methanol. The 
mixture was stirred at room temperature for 3 hours and the 
white crystals were subsequently filtered off. 460 mg (54%) of 
(S)-2-(7-fluoro-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
35 methyl-ethylamine fumarate (1:0.5) m.p. 194° were obtained. 
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Example 7 

a) A solution of 1.5 g (5.9 mmol) of (S)-2-(4,5-dihydro-8- 
methoxy-1H-benz[g]indol-1-yl)-1-methyl-ethylamine. 0.74 g 

5 (7.3 mmol) of triethylamine and 1.04 g (7.3 mmol) of ethyl 
trifluoroacetate in 100 ml of anhydrous methanol was stirred at 
room temperature for 27 hours. After the solvent had been drawn 
off in a vacuum the residue was taken up with 100 ml of 
ahydrous dioxan, 1.56 g (6.9 mmol) of DDQ were added and the 

ID mixture; ;Was boiled under reflux for 1.5 hours. Subsequently, the 
reaction mixturie yvas concentrated in a vacuum and the residue 
was purified by column chromatography on silica gel (dichloro- 
methane/acetone 4:1). 1.2 g (59%) of (S)-N-[2-(8-methoxy-1 H- 
benz[g]indol-1 -yl)-1-methyl-ethyl]-trifluoracetamide were 

15 obtained as a pale brown solid which was used in the next 
reaction without further recrystallization. 

b) A mixture of 1 .2 g (3.4 mmol) of (S)-N-[2-(8-methoxy-1 H- 
benz[g]indol-1-yl)-1-methyl-ethyl]-trifluoracetamide, 1.2 g 

20 (21 mmol) of potassium hydroxide in 3 ml of water and 50 ml of 
methanol was boiled under reflux for 3 hours. The reaction 
mixture was subsequently poured into 100 ml of IN sodium 
hydroxide solution, extracted twice with 100 ml of diethyl ether 
each time and once with 100 ml of ethyl acetate, the combined 

25 organic phases were washed once with 150 ml and dried over 
magnesium sulphate. After concentration in a vacuum the" residue 
was dissolved in 100 ml of anhydrous diethyl ether, filtered and 
treated while stirring with a solution of 398 mg (3.4 mmol) of 
fumaric acid in 30 ml of methanol. The mixture was stirred at 

30 room temperature for 16 hours and the white crystals were 
subsequently filtered off. 780 mg (73%) of (S)-2-(8-methoxy- 
1H-benz[g]indoi-1-yl)-l-methyl-ethylamine fumarate (1:0.5) 
with m.p. 208° were obtained. 
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Example 8 

a) A solution of 9.1 g (48.3 mmol) of 6-ethyl-3,3-dimethyl- 
1-indanone, 9.98 ml (0.12 mol) of 3-buten-2-ol and 250 mg of 

5 p-toluenesulphonic acid in 100 ml of 2.2-dimethoxypropane was 
boiled under reflux for 88 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 

10 6:1). Jn: addition, to 2.0 g of educt there were obtained 8.2 g 
(70%) of (RS)-2-(2-buten-1-yl)-6-ethyl-3,3-dimethyl-1- 
indanone as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 40 
15 minutes while stirring through a solution, cooled to -70^, of 

- 8.2 g (33.8 mmol) of (RS)-2-(2-buten-1 -yl)-6-ethyl-3,3- 

dimethyl-1-indanone in 120 ml of anhydrous dichloromethane and 
30 ml of anhydrous methanol. Subsequently, the mixture was 
flushed with oxygen for 5 minutes and with argon for 10 minutes. 

20 After the addition of 3.72 ml (50.7 mmol) of dimethyl sulphide 
the mixture was stirred at room temperature for 16 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 
treated with 100 ml of dichoromethane and. after the addition of 
15 ml of water and 15 ml of trifluoroacetic acid, stirred at 

25 room temperature for 2 hours. "The mixture was subsequently 
poured into 100 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 100 ml of dichloro- 

30 methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 7.55 g (97%) 
of (RS)-2-(2-oxoethyl)-6-ethyl-3,3-dimethyl1 -indanone were 
obtained as a light yellow oil. 

35 c) A solution of 2.3 g (10.0 mmol). of (RS)-2-(2-oxoethyl)-6- 
ethyl-3,3-dimethyl-1-indanone and 80 mg of p-toluenesulphonic 
acid in 90 ml of anhydrous toluene was heated on a water 
separator. A solution of 3.0 g (40 mmol) of' (R)-1-amino-2- 
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propanol in 40 ml of anhydrous toluene was added dropwise to 
the boiling solution over a period of 5 minutes. Subsequently, the 
mixture was boiled for a further 45 minutes, during which the 
solvent was reduced to a volume of 20 ml. The cooled reaction 
mixture was purified by column chromatography on silica gel 
(diethyl ether/hexane 3:2). 2.45 g (91%) of (R)-1-(7-ethyl-4.4- 
dimethyl-1.4-dihydro-indeno[1 .2-blpyrrol-1 -yl)-propan-2-ol 
were obtained as a red oil. 

d);^^^^' ' 1^^^^ (17.9 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°, of 2.4 g 
(8.91 mmol) of (R)-1 -(7-ethyl-4.4-dimethyl-1 .4-dihydro- 
indeno[1.2-blpyrrol-1-yl)-propan-2-ol and 4.97 ml (35.6 mmol) 
of triethylamine in 50 ml of dichloromethane and the mixture 
was stirred at this temperature for a further 1.5 hours. The 
reaction mixture was subsequently diluted with 100 ml of 
dichloromethane. washed twice with 70 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 
phases were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 90 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The green oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide. treated with 1.16 g 
(17.8 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 17 hours while stirring. After cooling the solution was 
poured into -70 ml of water and extracted three times -with 
100 ml of ethyl acetate each time. The combined organic phases 
were washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (hexane/diethyl ether 4:1). 1 .44 g (55%) of (S)-1-(2- 
azido-propyl)-7-ethyl-4.4-dimethyl-l ,4-dihydro-indeno[1 .2- 
b]pyrrole were obtained as a red oil. 

e) 1.44 g (4.89 mmol) of (S)-1 -(2-azido-propyl)-7-ethyI-4.4- 
dimethyl-1.4-dihydro-indeno[1.2-b]pyrrole dissolved in 50 ml of 
anhydrous ethanol were hydrogenated on 140 mg of platinum 



2132887 



oxide for 1.5 hours. The catalyst was subsequently filtered off, 
rinsed with ethanol and the solvent was drawn off in a vacuum. 
The colourless oil obtained was dissolved in 120 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 568 mg (4.89 mmol) of fumaric acid in 15 ml of methanol. 
The mixture was stirred at room temperature for 15 hours and 
the white crystals were subsequently filtered off. 1 .04 g (55%) 
of (S)-2-(7-ethyl-4,4-dimethyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrol- 
1-yl)-1-methyl-ethylamine fumarate (1:1) with m.p. 178o were 
obtained. , ^ ; , 

Example 9 

a) A solution of 10.0 g (56.1 mmol) of 6-fluoro-3.3-di- 
methyl-1-indanone. 11.1ml (0.13 mol) of 3-buten-2-ol and 
200 mg of p-toluenesulphonic acid in 200 ml of 2,2-dimethoxy- 
propane was boiled under reflux for 96 hours on a water 
separator filled with molecular sieve (0.4 nm, 2 mm pearl 
shaped). The reaction mixture was subsequently concentrated in 
a vacuum and purified by column chromatography on silica gel 
(hexane/ethyl acetate 8:1). In addition to 11.9 g of educt there 
were obtained 3.38 g (26%) of (RS)-2-(2-buten-1-yl)-6-fluoro- 
3.3-dimethyl-1-indanone as a yellow oil. 

b) An ozone stream (1;5g ozone/hour) was conducted for 30 
minutes while_ stirring through a solution, cooled to -70°, of 
3.38 g (14.6 mmol) of (RS)-2-(2-buten-1 -yl)-6-fluoro-3.3- 
dimethyl-1-indanone in 75 ml of anhydrous dichloromethane and 
15 ml of anhydrous methanol. Subsequently, the mixture was 
flushed with oxygen for 5 minutes and with argon for 10 minutes. 
After the addition of 1.6 ml (21.8 mmol) of dimethyl sulphide 
the mixture was stirred at room temperature for 17 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 
treated with 40 ml of dichoromethane and. after the addition of 
5 ml of water and 5 ml of trifluoroacetic acid, stirred at room 
temperature for 2 hours. The mixture was subsequently poured 
into 90 ml of water and neutralized by the spatula-wise addition 
of sodium hydrogen carbonate while stirring. A further 50 ml of 
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water were added, the phases were separated and the aqueous 

phase was extracted twice with 100 ml of dichloromethane each 

time. The combined organic phases were dried over magnesium 

sulphate and concentrated in a vacuum. 3.04 g (95%) of (RS)-2- 

5 (2-oxoethyl)-6-fluoro-3,3-dimethyl-1-indanone were obtained as 
a light yellow oil. 

c) A solution of 3.04 g (13.8 mmol) of (RS)-2-(2-oxoethyl)- 
6-fluoro-3.3-dimethyl-1-indanone and 110 mg of p-toluene- 

10 sulphonic acjd.; jr> 1 00 ml of anhydrous toluene was heated on a 
water separator. A solution of 4.14 g (55.2 mmol) of (R)-1- 
amino-2-propanol in 40 ml of anhydrous toluene was added drop- 
wise to the boiling solution over a period of 5 minutes. Subse- 
quently, the mixture was boiled for a further 45 minutes, during 
15 which the solvent was reduced to a volume of 20 ml. The cooled 
reaction mixture was purified by column chromatography on 
silica gel (ethyl acetate/toluene 1:1). 2.0 g (56%) of (R)-1-(7- 
fluoro-4,4-dimethyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)- 
propan-2-ol were obtained as a brown oil. 

d) 1.27 ml (16.3 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 2.0 g 
(8.15 mmol) of (R)-1 -(7-fluoro-4,4-dimethyl-1 ,4-dihydro- 
indeno[1.2-b]pyrrol-1-yl)-propan-2-ol and 4.52 ml (32.6 mmol) 
of trrethylamine in 60 ml of dichloromethane and the mixture 
was stirred at this temperature for a further 1.5 hours. The 
reaction mixture was subsequently diluted with 100 ml of 
dichloromethane. washed twice with 60 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 
phases were extracted once with 60 ml of dichloromethane. The 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum; The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide, treated with 1.07 g 
(16.3 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 16 hours while stirring. After cooling the solution was 
poured into 80 ml of water and extracted three times with 
70 ml of ethyl acetate each time. The combined organic phases 



I 



" 2132887 

were washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
5 silica gel (toluene). 1.22 g (54%) of (S)-1-(2-azido-propyl)-7- 
fluoro-4,4-dimethyl-1 .4-dihydro-indeno[1 ,2-b]pyrrole were 
obtained as a yellow oil. 

e) 1.22 g (4.29 mmol) of (S)-1 -(2-a2ido-propyl)-7-fluoro- 
10 4,4-dimethyl-1 ,4-dihydro-indeno[1 .2-b]pyrrole dissolved in 
100 ml of ahhydi'otjs ethanol were hydrogenated on 120 mg of 
platinum oxide for 2 hours. The catalyst was subsequently 
filtered off, rinsed with ethanol and the solvent was drawn off in 
a vacuum. The colourless oil obtained was dissolved in 150 ml of 
15 anhydrous diethyl ether, filtered and treated while stirring with 
a solution of 498 mg (4.29 mmol) of fumaric acid in 20 ml of 
methanol. The mixture was stirred at room temperature for 15 
hours and the white crystals were subsequently filtered off. 
1.12 g (70%) of (S)-2-(7-fluoro-4,4-dimethyl-1 ,4-dihydro- 
20 indeno[1 .2-b]pyrrol-1 -yl)-1 -methyl-ethylamine fumarate (1 :1) 
with m.p. 21 1o were obtained. 

Example iQ ' 

25 a) A solution of 14.2 g (97.3 mmol) of 6-methyl-1 -indanone. 
20.1ml (0.23 mol) of 3-buten-2-ol and 140 mg of p-toluene- 
sulphonic acid in 140 ml of 2.2-dimeth'bxypropane was boiled 
under reflux for 69 hours on a water separator filled with 
molecular' sieve (0.4 nm, 2 mm pearl shaped). The reaction 

30 mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 
5:1). 16.3 g (83%) of (RS)-2-(2-buten-1 -yl)-6-methyl-1 - 
indanone were obtained as a yellow oil. 

35 b) An ozone stream (3 g ozone/hour) was conducted for 80 
minutes while stirring through a solution, cooled to -70^, of 
16.3 g (81.4 mmol) of (RS)-2-(2-buten-1 -yl)-6-methyl-1 - 
indanone in 300 ml of anhydrous dichloromethane and 60 ml of 
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anhydrous methanol. Subsequently, the mixture was flushed with 
oxygen for 5 minutes and with argon for 10 mipjites. After the 
addition of 8.95 ml (122 mmol) of dimethyl sulphide the mixture 
was stirred at room temperature for 15 hours. The reaction 
mixture was "evaporated in a vacuum, the residue was treated 
with 300 ml of dichoromethane and. after the addition of 40 ml 
of water and 40 ml of trifiuoroacetic acid, stirred at room 
temperature for 3 hours. The mixture was subsequently poured 
into 200 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
100 ml ofcwater yv(Bre added, the phases were separated and the 
aqueous phase was extracted twice with 200 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. The crude 
product obtained was recrystaliized from diethyl ether/hexane. 
12.7 g (82%) of (RS)-2-(2-oxoethyl)-6-methyl-1 -indanone were 
obtained as a light yellow solid with m.p. 53-54o. 

c) A solution of 2.82 g (15 mmol) of (RS)-2-(2-oxoethyl)-8- 
methyl-1 -indanone and 100 mg of p-toluenesulphonic acid in 
100 ml of anhydrous toluene was heated on a water separator. A 
solution of 4.51 g (60 mmol) of (R)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 1:1). 2.7 g (79%) of (R)-1 -(7-methyl-1 ,4- 

dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol~Were obtained as 
a bfown-green oil. 

d) 1.8 ml (23.8 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°, of 2.7 g 
(11.9 mmol) of (R)-1-(7-methyl-1.4-dihydro-indeno[1,2-b]- 
pyrroI-1-yl)-propan-2-ol and 6.7 ml (47.6 mmol) of triethyl- 
amine in 75 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of dichloromethane. 
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washed twice with 90 ml of saturated sodium hydrogen 

carbonate solution each time and the combined aqueous phases 

were extracted once with 90 ml of dichloromethane. The 

combined organic phases were washed with 100 ml of saturated 

sodium chloride solution, dried over magnesium sulphate and 

evaporated in a vacuum. The brown oil obtained was dissolved in 

70 ml of anhydrous dimethylformamide. treated with 1.55 g 

(23.8 mmol) of sodium azide and the reaction mixture was heated 

to 60O for 15 hours while stirring. After cooling the solution was 

poured into 150 ml of water and extracted twice with 150 ml of 

ethyl acetate each time. The combined organic phases were 

washe^ once with 120 ml of water and once with 120 ml of 

satura^d ijpdidi^ chloride solution, dried over magnesium 

sulphate and the solution was concentrated in a vacuum. The 

brown oil obtained was p- nfied by column chromatography on 

silica gel (toluene). 1.5 g (50%) of (S)-1-(2-azido-propyl)-7- 

methyl-1.4-dihydro-indenof1.2-b]pyrrole were obtained as a light 
yellow oil. 

e) 1.5 g (5.94 mmol) of (S)-1 -(2-a2ido-propyl)-7-methyl- 
1.4-dihydro-indeno[1.2-b]pyrrole dissolved in 50 ml of anhydrous 
ethanol were hydrogenated on 150 mg of platinum oxide for 4 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 150 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
345 mg (2.97 mmol) of fumaric acid in 25 ml of methanol. n"he 
mixture was stirred at room iemperature for 17 hours and the 
white crystals~were subsequently filtered off. 1.11 g (65%) of 
(S)-2-(7-methyl-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 194° were 
obtained. 

Example 11 

a) A solution of 10.0 g (47.4 mmol) of 6-bromo-1 -indanone, 
9.79 ml (0.11 mol) of 3-buten-2-ol and lOOmg of p-toluene- 
sulphonic acid in 100 ml of 2.2-dimethoxypropane was boiled 
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under reflux .or 71 hours on a water -parator ^ed wjth 
molecular sieve (0.4 nm. 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a. vacuum and punfed 
rcoL" Chromatography on silica gei ^^^^^^^'^^^J^f^' 
11) in addition to 3.07 9 of educt there were °Wamed 9.86 g 
78%) of (RS)-2-(2-bu.en.l-yl)-6-bromo-1-indanone as a yellow 



Oil. 



ID 
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b, An ozone. stream (2 g ozone/hour) was ^"^"C'^ '°' f 

minutes «h«i^ili"r«;i9"*ifi»"9<' • ?° f '"j!, 'i 

9 86 9 (37:2 mmol) of (RS)-2.(2-buten.1-yl)-6-bromo-1- 

! -.r, isnml of anhydrous dichloromethane and 30 ml of 

Xro s m ha:: SubsUently, the mixture was flushed Jth 
oxygen for 5 minutes and with argon for 10 mmutes^ Atter the 
adc^tion Of 4.09 m, (S5.8-mmo,) of dimethyl sulph^e the 
mixture was stirred at room temperature for 
reaction .mixture w<,s evaporated in a vacuum, he '^='<'"« 
treated with 150 m! of dichoromethane and, after the addition of 
20 mi or water and 20 ml of trifluoroacetic acid, stirred a 
20 ml OT waie mixture was subsequently 

room temperature for 2 hours., ine mixiu ,nat,,ia-wise 
Doured into 100 ml of water and neutralized by the ^Pf "1^ *^^ 
'a^dmon Of sodium hydrogen carbonate while A Jr^her 
50 ml of water were added, the phases were '^^ 
aoueou-s phase was extracted twice with 100 ml of <"chloro- 
met^:": e'ach time. .The combined organic phases were dned over 
magnesium sulphate and concentrated in a '''^"""'■^^^^^J^^^ 

product obtaioned was recrystallized from ^'^y'J^^''^^J''2T 
7 5g (80%) Of (RS)-2-(2-oxoethyl)-6-bromo-1-.ndanone were 

obtained as a light yellow solid with m.p. 840. 

c) A solution of 2.0 g (7.9 mmol) of (RS)-2-(2-oxoethyl)-6- 
b omo-1-indanone and 80 mg of p-toluenesulphon.c acid ,n 
90 m°of anhydrous toluene was heated on a water separator A 
!rt on o" 2 37g (31 .6 mmol) of (R)-1.amino-2-propano, m 
. 0 m anhydrous toluene was added dropwise to the bo.ing 
solution over a period of 5 minutes, f ™ 
was boiled for a further 45 minutes, during which the solvent 
Ts reduL to a volume of 20 ml. The cooled reaction mixture 
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was purified by column chromatography on silica gel (diethyl 
ether/hexane 4:1). 1.19 g (52%) of (R)-1-(7-bromo-1 .4-dihydro- 
indeno[1 ,2-b]pyrrol-1-yl)-propan-2-ol were obtained as a brown 
oil. 

5 

d) 0.63 ml (8.14 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°, of 
1.19 g (4.07 mmol) of (R)"1-(7-bromo-1 ,4-dihydro-indeno[1 .2- 
b]pyrrol-1-yl)-propan-2-ol and 2.27 ml (16.3 mmol) of triethyl- 

10 amine in 40 'ml of. d and the mixture was stirred 

at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 100 ml of dichloromethane, 
washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 

15 were extracted once with 70 ml of dichloromethane. The- 

combined organic phases were washed with 100 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The green oil obtained was dissolved in 
40 ml of anhydrous dimethylformamide, treated with 0.53 g 

20 (8,14 mmol) of sodium azide and the reaction mixture was heated 
to 600 for 15 hours while stirring. After cooling the solution was 
poured into 100 ml of water and extracted twice with 100 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 100 ml of water and once with 100 ml of 

25 saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 0.95 g (74%) of (S)-1 -(2-azido-propyl)-7- 
bromo-1 .4-dihydro-indeno[1 ,2-t)]pyrrole were obtained as a- 

30 colourless oil. 

e) 0.95 g (2.99 mmol) of (S)-1 -(2-a2ido«propy!)-7-bromo- 

1 .4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 40 ml of anhydrous 
ethanol were hydrogenated on 95 mg of platinum oxide for 4 
35 hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The product 
mixture was separated on silica gel (methanol/dichloromethane 
5:95). The colourless oil obtained (507 mg) was dissolved in 
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50 ml of anhydrous diethyl ether, filtered and treated while 
stirring with a solution of 101 mg (0.87 mmol) of fumaric acid 
in 10 ml of methanol. The mixture was stirred at room temp- 
erature for 17 hours and the white crystals were subsequently 
5 filtered off. 503 mg (50%) of (S)-2-(7-bromo-1 .4-dihydro- 
indeno[1 ,2-b]pyrrol-1 -yl)-1 -methyl-ethylamine fumarate (1 :0.5) 
with m.p. 1970 were obtained. 

v-^; Example 12 

a) A solution of 22.0 g (101 mmol) of 6-methoxy-3,3- 
diethyl-1-indanone, 20.8 mi (0,24 mol) of 3-buten-2-ol and 
220 mg of p-toluenesulphonic acid in 220 ml of 2,2-di- 
methoxypropane was boiled under reflux for 87 hours^ on a water 

15 separator filled with molecular sieve (0.4 nnrr, 2 mm pearl 

shaped). The reaction mixture was subsequently concentrated in 
a vacuum and purified by column chromatography on silica gel 
(hexane/ethyl acetate 6:1). In addition to 15.7g of educt there 
were obtained 4.1 g (15%) of (RS)-2-(2-buten-1 -yl)-6-methoxy- 

20 3.3-diethyl-1-indanone as a yellow oil. 

b) An ozone stream (2 g ozone/hour) was conducted for 25 
minutes while stirring through a solution, cooled to -70^, of 
4.1 g (15.1 mmol) of (RS^-2-(2-buten-1 -yl)-6-methoxy-3,3- 

25 diethyl-1-indanone in 60 ml of anhydrous dichloromethane and 
15 ml of anhydrous methanol. Subsequently, the mixture was 
flushed with oxygen for 5 minutes and with argon for 10 minutes. 
After the addition of 1.66 ml (22.6 mmol) of dimethyl sulphide 
the mixture was stirred at room temperature for 22 hours. The 

30 reaction mixture was evaporated in a vacuum, the residue was 
treated with 50 ml of dichoromethane and, after the addition of 
8 ml of water and 8 ml of trifluoroacetic acid, stirred at room 
temperature for 2.5 hours. The mixture was subsequently poured 
into 70 ml of water and neutralized by the spatula-wise addition 

35 of sodium hydrogen carbonate while stirring. A further 50 ml of 
water were added, the phases were separated and the aqueous 
phase was extracted twice with 100 ml of dichloromethane each 
time. The combined organic phases were dried over magnesium 
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sulphate and concentrated in a vacuum. 3.9 g (99%) of (RS)-2-(2- 

oxoethyl)-6-methoxy-3.3-diethyl-1-indanone were obtained as a 
light yellow oil. 

c) A solution of 3.9 g (15 mmol) of (RS)-2-(2-oxoethyl)-6- 
methoxy-3.3-dlethyl-l-indanone and 120 mg of p-toluene- 
sulphonic acid in 100 ml of anhydrous toluene was heated on a 
water separator. A solution of 4.5 g (60 mmol) of (R)-I.amino- 
2-propanol m 30 ml of anhydrous toluene was added dropwise to 
the boiling solution over a period of 5 minutes. Subsequently the 
mixture was boiled for a further 45 minutes, during which the 
solvem:,was red^ to a volume of 20 ml. The cooled reaction 
mixture was purified by column chromatography on silica gel 
(ethyl acetate/hexane 1:1). 2.73 g (61%) of (R)-1-(7-methoxy. 

4.4-diethyi-l.4-dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol 
were obtained as a red-brown oil. 



35 



d) 1.42 ml (18.2 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 
20 2.73 g (9.12 mmol) of (R)-1 -(7-methoxy-4.4-diethyl-1 4- 
dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol and 5.08'ml 
(36.5 mmol) of triethylamine in 70 ml of dichloromethane and 
the mixture was stirred at this temperature for a further 1.5 
hours. The reaction mixture was subsequently diluted with 
25 100 ml of dichloromethane. washed twice with 70 ml of 

saturated sodium hydrogen carbonate solution each time and the 
combined aqueous phases were extracted once with 70 ml of 
dichloromethane. The combined organic phases were washed with 
70 ml of saturated sodium chloride solution, dried over mag- 
nesium sulphate and evaporated in a vacuum. The brown oil 
obtained was dissolved in 50 ml of anhydrous dimethylform- 
amide. treated with 1.18 g (18.2 mmol) of sodium azide and the 
reaction mixture was heated to 60° for 15 hours while stirring 
After cooling the solution was poured into 70 ml of water and 
extracted three times with 80 ml of ethyl acetate each time 
The combined organic phases were washed once with 70 ml of 
water and once with 80 ml of saturated sodium chloride solution 
dried over magnesium sulphate and the solution was concentrated 



30 



2132887 

44 



in a vacuum The brown oil obtained was purified by ~'"mn 
'o^rUZrapby on siiica gei '^^^^^^JZ^.^T ' 

(79%) of (S)-1-(2-a^W°-P~P>'''-'^;'"^r°?/3 Yellow 0,1. 
dihydro-indeno[l.2-blpyrrole were obtained as a yello 

ev 2 25g (6.94 mmoi) of (S)-1-(2-azido.propy.)-7-rne.hoxy- 
■ iVdiethyl 1 .4-dif,ydro.indeno[1 ,2.b,pyrro.e f'^-^^'" 

platinum . oxide for 2 hours, me r ^oi„ent was drawn off m 

•"'^^ — ^ in ,00m, Of 

a vacuum. The coiouness un " stirring with 

— ■HHs.t:s:=.",^=rrI" 
with m.p. 1890 were obtained. 

3, A solution o, 20.0 a <^ ^3 -oO <>f --oro. -i^^^^^^^^^^^^^ 

. :r rtrrss-s on a -r separator .ed^^^^ 
molecular sieve (0.4 nm, 2 mm pear f^^^^^J^J^ ^ 
n,i=<ture was subsequently .'^'^ ^^^aTethyl ^her 

:^,r'"Te%rre::rr,.s;i:^br:n'r;oX..uor:..indanone 

30 were obtained as a yellow oil. 

An ozone stream ,3.5 g ozone/hour) t. 
nutes wf,iie stirring through a solution. J".' °' 

i\ «f mqv2-(2-buten-1-yI)-5"''^°'° ' 

anhydrous methanol. Subsequently, the « 
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was stirred at room temperature for 17 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 220 ml of dichloromethane and. after the addition of 40 ml 
of water and 40 ml of trifluoroacetic acid, stirred at room 
temperature for 4.5 hours. The mixture was subsequently poured 
into 1,70' ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
110 ml of -wat^r were added, the phases were separated and the 
aqueous pliai^^ :w^^^ twice with 170 ml of dichloro- 

methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. There was 
obtained a yellow oil which was crystallized from diethyl 
ether/hexane. 13.6 g (78%) of (RS)-2-(2-oxoethyl)-5-fluoro-1- 
indanone were obtained as a light yellow solid with m.p. 56°. 



15 



c) A solution of 2.88 g (15 mmol) of (RS)-2-(2-oxoethyl)-5- 
fluoro-1-indanone and 100mg of p-toluenesulphonic acid in 
90"ml of anhydrous toluene was heated on a water separator. A 
solution of 4.51 g (60 mmol) of (R)-1-amino-2-propanol in 
20 20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
25 acetate/toluene 1:1). 2.75 g (79%) of (R)-1 -(6-fluoro-1 .4- 

dihydro-indeno[1.2-blpyrrol-1-yl)-propan-2-ol were obtained as 

a brown oil. 

d) 1 .8 ml (23.8 mmol) of methanesulphonyl chloride were 
X added dropwise while stirring to a solution, cooled to 0°. of 

2.75 g (11.9 mmol) of (R)-1 -(6-fluoro-1 .4-dihydro-indeno[1 .2- 
blpyrrol-1-yl)-propan-2-ol and 6.7 ml (47.6 mmol) of triethyl- 
amine in 70 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
35 was subsequently diluted with 100 ml of dichloromethane. 
washed twice with 90 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
were extracted once with 90 ml of dichloromethane. The 
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combined organic phases were washed with 100 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The brown oil obtained was dissolved .n 
60 ml of anhydrous dimethylformamide. treated with 1.55 g 
5 (l2 5mmol) of sodium azide and the reaction mixture was heated 
to 60O for 17 hours while stirring. After cooling the solution was 
poured into 80 ml of water and extracted three times with 
100 ml of ethyl acetate each time. The combined organic phases 
were washed once with 70 ml of water and once with 70 ml of 
K, satiirated sodium chloride solution, dried over magnesium 
sulihatfe ^nd the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 1-23 g (40%) of (S)-1-(2-a2ido-propyl)-6- 
fluoro-1.4-dihydro-indeno[1.2-b]pyrrole were obtained as a light 

15 yellow oil. c 

123G (4.80 mmol) of (S)-1 -(2-azido-propyl)-6-fluoro- 
14-dihydro-indeno[1.2-b]pyrrole dissolved in 60 ml of anhydrous 
eihanol were hydrogenated on 125 mg of platinum oxide for 6 

2) hours. The catalyst was subsequently filtered off. rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 130 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
279 mg (2.40 mmol) of fumaric acid in 25 ml of methanol. The 

25 mixture was stirred at room temperature for 15 h^"^^^^"^/^; 
white crystals were subseque_ntly filtered off. 1.0 g (72 /o) ot 
(S)-2-(6-fluoro-1.4-dihydro-indeno[1.2-b]pyrrol-1-yl)-1- 

-methyl-ethylamine fumarate (1:0.5) with m.p. 200° were 

obtained. 

30 

a) A solution of 13.2 g (63.4 mmol) of 6-phenyl-1-indanone. 
11ml (0.13 mol) of 3-buten-2-ol and 110 mg of p-toluene- 
sulphonic acid in 110 ml of 2.2-dimethoxy-propane was boiled 
under reflux for 48 hours on a water separator filled with 
molecular sieve (0.4 nm. 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
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by column chromatography on silica gel (hexane/diethyl ether 
5:1). 12.0 g (72%) of (RS)-2-{2-buten-1-yl)-6-phenyl-1- 
indanone was obtained as a light yellow solid which was used 
without further purification in the next reaction. 

5 

b) An ozone stream (3 g ozone/hour) was conducted for 75 
minutes while stirring through a solution, cooled to -70°. of 
12.0 g (45.8 mmol) of (RS)-2-(2-buten-1 -yl)-6-phenyl-1- 
indanone in 180 ml of anhydrous dichioromethane and 40 ml of 

^ ^nhy(drQMS methanol. Subsequently, the mixture was flushed with 
oxygen for 5' minutes and with argon for 10 minutes. After the 
addition of 5.04 ml (68.7 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 15 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 

15 treated with 120 ml of dichoromethane and." after the addition of 
30 ml of water and 30 ml of trifluo'roacetic acid, stirred at 
room temperature for 2 hours. The mixture was subsequently 
poured into 150 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 

20 50 ml of water were added, the phases were separated and the 

_ aqueous phase was extracted twice with -200 ml of dichioro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 11.2g (97%) 
of (RS)-2-(2-oxoethyl)-6-phenyl-1-indanone were obtained as a 

25 light yellow oil. 

c) A solution of 2.5 g (10.0 mmol) of (RS)-2-(2-oxoethyl)-6- 

phenyl-1-indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator. A 

30 solution of 3.0 g (40 mmol) of (R)-1-amino-2-pr6panol in 20 ml 
of anhydrous toluene was added dropwise to the. boiling solution 
over a period of 5 minutes. Subsequently, the mixture was boiled 
for a further 45 minutes, during which the solvent was reduced to 
a volume of 20 ml. The cooled reaction mixture was purified by 

35 column chromatography on silica gel (diethyl ether/hexane 7:3). 
1.5 g (52%) of (R)-1-(7-phenyl-1.4-dihydro-indeno[1,2-b]pyrrol- 
1-yl)-propan-2-ol were obtained as a brown oil. 
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d) 0.82 ml (10.4 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°, of 1.5 g 

- (5.2 mmol) of (R)-1 -(7-phenyl-1 ,4-dihydro-indeno[1 .2-b]pyrrol- 
1-yl)-propan-2-ol and 3 ml (20.8 mmol) of triethylamine in 

5 50 ml of dichlororhethane and the mixture was stirred at this 
temperature for a further 1.5 hours. The reaction mixture was 
subsequently diluted with 150 ml of dichloromethane, washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solutidil each time and the combined aqueous phases were 

10 extriictfeci once -with 70 ml of dichloromethane. The combined 
organic phases were washed with 100 ml cf saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The green solid obtained was dissolved in 50 ml of 
anhydrous dimethylformamide, treated with 0.53 g (8.2 mmol) of 

15 sodium azide and the reaction mixture was heated to 60^ for 15 
hours while stirring. After cooling the solution was poured into 
100 ml of water and extracted twice with 100 ml of ethyl 
acetate each time. The combined organic phases were washed 
once with 80 ml of water and once with 100 ml of saturated 

20 sodium chloride solution, dried over magnesium sulphate and the 
solution was concentrated in a vacuum. The brown oil obtained 
was purified by column chromatography on silica gel (toluene). 
0.64 g (39%) of (S)-1 -{2-a2ido-propyl)-7-phenyl-1 .4-dihydrp- 
indeno[1 ,2-b]pyrrole was obtained as a brown oil. 

25 _ _ 

e) 0.64 g (2.04 mmol) of (S)-1 -(2-a2ido-propyl)-7-phenyl- 
1,4-dihydro-indeno[1,2-b]pyrrQle dissolved in 30 ml of anhydrous 
ethanol were hydrogenated on 65 mg of platinum oxide for 

2 hours. The catalyst was subsequently filtered off, rinsed with 
30 ethanol and the solvent was drawn off in a vacuum. The greenish 
solid obtained was dissolved in 80 ml of anhydrous diethyl ether, 
filtered and treated while stirring with a solution of 118 mg 
(1.02 mmol) of fumaric acid in 20 ml of methanol. The mixtyre 
was stirred at room temperature for 15 hours and the beige 
35 crystals were subsequently filtered off. 0.37 g (53%) of (S)-2- 
(7-phenyl-1 ,4-di hydro- indeno[1 .2-b]pyrrol-1 -yl)-1 - methyl- 
ethylamine fumarate (1:0.5) with m.p. 202-204O was obtained. 
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Fxample 15 

a) A solution of 16 g (lOSmmol) of 6-hydroxy-1-indanone, 
22.3 ml (0.26 mol) of 3-buten-2-ol and 160 mg of p-toluene- 

5 sulphonic acid in 170 ml of 2.2-dimethoxy-propane was boiled 
under reflux for 38 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/ethyl acetate 

ID 4:1).. cin to 7.5 g of educt there were obtained 6.21 g 

(28%) of '(RS)-2-(2-buten-1-yl)-6-hydroxy-1-indanone as a 
yellow oil. 

b) A solution of 5.0 g (24.7 mmol) of (RS)-2-(2-buten-1 -yl)- 
15 6-hydroxy-1-indanone. 4.1ml (54.4 mmol) of ethyl bromide. 

6.83 g (49.4 mmol) of potassium carbonate and 10 ml of N.N- - 
dimethylformamide in 70 ml of acetone was heated to 35° for 
35 hours. After cooling the solution was poured into 100 ml of 
water and extracted twice with 100 ml of ethyl acetate each 

20 time. The combined organic phases were washed once with 70 ml 
of water and once with 70 ml of saturated sodium chloride 
solution, dried over magnesium sulphate and the solution was 
concentrated in a vacuum. 5.6 g (98%) of (RS)-2-(2-buten-1-yl)- 
6-ethoxy-1-indanone were obtained as a red-brown oil which was 

25 used directly in the next reaction. 

c) An ozone stream (3 g ozone/hour) was conducted for 90 
minutes while stirring, through a solution, cooled to -70°. of 
5.6 g (24.3 mmol) of (RS)-2-(2-buten-1 -yl)-6-ethoxy-1 - 

30 indanone in 150 ml of anhydrous dichloromethane and 30 ml of 
anhydrous methanol. Subsequently, the mixture was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 2.72 ml (37.1 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 15 hours. The 

35 reaction mixture was evaporated in a vacuum, the residue was 
treated with 170 rinl of dichoromethane and. after the addition of 
25 ml of water and 25 ml of trifluoroacetic acid, stirred at 
room temperature for 3 hours. The mixture was subsequently 
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poured into 150 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 100 ml of d.chloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 3.4 g (64%) of 
(RS)-2-(2-oxoethyl).6-ethoxy-1-indanone were obtamed as a 

red-brown oil. 

d) ? A solution of 1.6 g (7.33 mmol) of " (RS)-2-(2-oxoethyl)-6- 
'ithoiy^l -indanone and 70 mg of p-toluenesu!phonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.2 g (29.3 mmol) of (R)-1 -amino-2-propanol m 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which tne solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/hexane 4:1). 1.03 g (52%) of (R)-1-(7-ethoxy-1 .4- 
dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol were obtained as 

a brown oil._ 

e) 0.59 ml (7.6 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°. of 
103g (3.8fnmol) of (R)-1-(7-ethoxy-1 .4-dihydro-indeno[1 .2- 
b]pyrrol-1 -yl)-propan-2-ol . and 2.1 ml . (15.2 mmol) of tr.ethyl- 
amine in 50 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 100 ml of dichloromethane. 
washed twice with 70 ml of saturated sodium hydrogen car- 
bonate solution each time and the combined aqueous phases were 
extracted once with 70 ml of dichloromethane. The combined - 
organic phases were washed with 100 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The green oil obtained was dissolved in 30 ml of 
anhydrous dimethylformamide. treated with 0.6 g (9.2 mmol) of 
sodium azide and the reaction mixture was heated to 60° for 20 
hours while stirring. After cooling the., solution was poured into 
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100 ml of water and extracted three times with 100 ml of ethyl 
acetate each time. The combined organic phases were washed 
once with 70 ml of water and once with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and the 
solution was concentrated in a vacuum. The brown oil obtained 
was purified by column chromatography on silica gel (ethyl 
acetate/hexane 1:10). 948 mg (72%) of (S)-1-(2-azido-propyl)- 
7-ethoxy-1,4-dihydro-indeno[1.2-b]pyrrole were obtained as a 
light yellowish oil. 

M .0.94 g (3.32 mmol) of (S)-1 -(2-a2ldo-propyl)-7-ethoxy- 
1 .4-dihydro-indeAo[1 ,2-b)pyrrole dissolved in 80 ml of anhydrous 
ethanol were hydrogen ated on 94 mg of platinum oxide for .3 
hours. The catalyst was subsequently filtered off. rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 100 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
198 mg (1.7 mmol) of fumaric acid in 20 ml of methanol. The 
mixture was stirred at room temperature for 17 hours and the 
white crystals were subsequently filtered off. 581 mg (56%) of 
(S)-2-(7-ethoxy-1 .4-dihydro-lndeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 212-214° were 
obtained. 

Example 16 

a) A solution of 4.74 g (21.6 mmol) of (RS)-2-(2-buten-1- 
yl)-6-hydroxy-1-indanone. 5.18 ml (47.6 mmol) of isobutyl 
bromide and 5.98 g (43.3 mmol) of potassium carbonate in 40 ml 
of N.N-dimethylformamide was heated to eO'' for 48 hours. After 
cooling the solution was poured into 100 ml of water and 
extracted twice with 70 ml of ethyl acetate each time. The 
combined organic phases were washed once with 70 ml of water 
and once with 70 ml of saturated sodium chloride solution, dried 
over magnesium sulphate and the solution was concentrated in a 
vacuum. 5.2 g (93%) of (RS)-2-(2-buten-1-y|)-6-isobutoxy-1- 
indanone were obtained as a red-brown oil which was used 
directly in the next reaction. 
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b) An ozone stream {2 g ozone/hour) was conducted for 90 
minutes while stirring through a solution, cooled to -70°, of 
5.1 g (19.7 mmol) of (RS)-2-(2-buten-1-yl)-6-isobutoxy-1- 
indanone in 150 ml of anhydrous dichloromethane and 30 ml of 
anhydrous methanol. Subsequently, the mixture was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 2.16 ml (29.4 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 15 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 
treated with 170 ml of dichoromethane and. after the addition of 
25 ml pf ;Water . and 25 ml of trifluoroacetic acid, stirred at 
room tenfiperature 'for 3 hours. The mixture was subsequently 
poured into 150 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 100 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 2.3 g (48%) of 

(RS)-2-(2-oxoethyl).6-isobutoxy-1-indanone were obtained as a 
red-brown oil. 

c) A solution of 2.3 g (9.34 mmol) of (RS)-2-(2-oxoethyl)-6- 

isobutoxy-1-indanone and 70 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator. A 

solution of 2.93 g (37.3 mmol) of (RS)-1-amino-2-propanol in 

20 ml of anhydrous toluene was added dropwise to the boiling 

solution over a period, of 5 minutes. Subsequently, the mixture 

was boiled for a further 45 minutes, during which the solvent 

was reduced to a volume or 20 ml. The cooled reaction mixture 

was purified t,- rolumn chromatography on silica gel (ethyl 

acetate/hexant .:4). 1.52 g (57%) of (RS)-1-(7-isobutoxy-1 .4- 

dihydro-indeno[1,2-b]pyrrol-1-yl)-propan-2-ol were obtained as 
a red oil. 

d) 0.81ml (10.5 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°, of 1.5 g 
(5.26 mmol) of (RS)-1 -(7-isobutoxy-1 .4-dihydro-indeno[1 .2- 
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b]pyrrol-l-yl)-propan-2-ol and 2.93 ml (21.0 mmol) of triethyl- 
amine in 50 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 100 ml of dichloromethane. 
washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 100 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporatedilA .a Ystcujum. The green oil obtained was dissolved in 
30 ml of Wnhydf'bus 'dimethylformamide, treated with 0.68 g 
(10.5 mmol) of sodium azide and the reaction mixture was heated 
to 600 for 15 hours while stirring. After cooling the solution was 
poured into 100 ml of water and extracted twice with 100 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (ethyl acetata/hexane 1:4). 0.43 g (26%) of (RS)-1-(2- 
azido-propyl)-7-ethyl-4.4-dimethyl-1.4-dihydro-indeno[1 .2- 

blpyrrole was obtained as a light yellowish oil. 

e) 0.43 g (1.38 mmol) of (RS)-1 -(2-azido-propyl)-7-iso- 
butoxy-1 .4-dihydro-indeno[l.2-b]pyrrole dissolved in 50 ml of 
anhydrous ethanol were hydrogenated on 50 mg of platinum oxide 
for 4 hours. The catalyst was subsequently filtered off. rinsed 
with ethanol and the solvent was drawn off in a vacuum. The 
colourless oil obtained was dissolved in 70 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 80 mg (0.69 mmol) of fumaric acid in 10 ml of methanol. The 
mixture was stirred at room temperature for 17 hours and the 
white crystals were subsequently filtered off. 0.25 mg (53%) of 
(RS)-2-(7-isobutoxy-1 .4-dihydro-indeno[1 .2-b]py rrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 178o were 
obtained. 
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Example 17 

a) A solution of 11.8g (73.7 mmol) of 6-ethy!-1 -indanone. 
15.4 ml (0.18 mol) of 3-buten-2-ol and 110 mg of p-toluene- 

5 sulphonic acid in 110 ml of 2,2-dimethoxy-propane was boiled 
under reflux for 46 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reactio.-: 
mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 
10 5:1). ,^:;.7;^ g: (50%) of (RS)-2-(2-buten-1 -yl)-6-ethyl-1 -indanone 
were obtained as' a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 40 
minutes while stirring through a solution, cooled to -70°, of 

15 7.92 g (37.0 mmol) of (RS)-2-(2-buten-1 -yl)-6-ethyl-1- 

indanone in 150 ml of anhydrous dichioromethane and 30 ml of 
anhydrous methanol. Subsequently, the mixture was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 3.36 ml (45.8 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 15 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 
treated with 150 ml of dichoromethane and, after the addition of 
30 ml of water and 30 ml of trifluoroacetic acid, stirred at 
room temperature for 3 hours. The mixture was subsequently 
poured into 150 ml of water and neutralized by the spatula-wis.e 
addition of sodium hydrogen carbonate while stirrfng. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 100 ml of dichioro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 6.94 g (93%) 
of (RS)-2-(2-oxoethyl)-6-ethyl-indanone were obtained as a 
yellow oil. 

c) A solution of 2.02 g (10 mmol) of (RS)-2-(2-oxoethyl)-6- 
ethyl-1 -indanone and 80 mg of p-toluenesulphonic acid in 70 ml 
of anhydrous toluene was heated on a water separator. A solution 
of 3.0 g (40 mmol) of (R)-1 -amino-2-propanol in 20 ml of 
anhydrous toluene was added dropwise to the boiling solution 
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lor7,unZ\°^ ' T""" ^"''-''"^"«^. -«'"re was boiled 
1 vCu'r: t'rr::: IT.^. -s reduced .0 



a volume of 20 m,. The cooled reaction mixture was purifled by 
column Chromatography on silica gel (ethy, acetate/toluene ' 

] J * ' (f"-^-(7-«'hyl-1.4-dihydro-indenot1,2-b]pyrrol 
1-yl)-propan-2-ol were obtained as a brown oil. 



fL^ .'^"-^ °' -"ett^anesulphonyl chloride were 

added dropw,se while stirring to a solution, cooled to Qo of 1 7 o 

>o 7 04 n,mo,) of (R)-1-(7-ethyl-1 ,4-dihydro-indenori .2-bJpyrrol 
l^li'T'^P'"^"" °' triethylami,^ in 

temni "'^^'o^-^^^^"* ^nd the mixture was stirred at this 

Z °'J ' -««-e was 

. ttr:; 7o ::'? "f" °' "--^'-o-^'^ane. washed 

^nLr r carbonate - 

so ution each t,me and the combined aqueous phases were 
extracted once with 70 ml of dichloromethane. The combined 

™1 fv' "^'^ "^'"^'^ °' saturated sodium 

chlonde solution, dried over magnesium sulphate and evaporated 

anhydrous d.methylformamide, treated with 0.84 g (12 8 mmolt 
of sodium a.ide-and the reaction mixture was hea,^ 'tl eooTor ' 
16 hours wh,le stirring. After cooling the solution was poured 

» Iceta e erchT "'th"" with 120 ml of ethyl 

a acetate each time. The combined organic phases were washed 
once with 100 mi of water and once with ,00 ml o sXat^d 
sodium chloride solution, dried over magnesium sulphafe and the 

was p°u"riZ Z""':"^''":" ' °" Obtained 

was purified by column chromatography on silica gel (toluene) 

.nden'ori2Z 1 <^'-'-'^-'<'°-P-PV')-7-ethyl-?,4-dihyd:o'- 
mdeno[1.2-b]pyrrole was obtained as a yellow oil. 

(2:7mmol) of (S).1-(2-a2ido-propyl)-7.ethy|.i 4- 
d,hydro-indeno[1,2.b]pyrrole dissolved in 30 ml o, anhydrous 
3. ethanol were hydrogenated on 80 mg of platinum oxide for 
15 hours. The catalyst was subsequently filtered off, rinsed 
wi h e hanol and the solvent was drawn off in a vacuum The 
colourless oil obtained was dissolved in 50 ml of anhydrous 



I 



se 2132887 

0^345 o?"'' ^^'^^'"9 -'^^ - solution 

of 345 mg (2.97 mmol) of fumaric acid in 10 ml of methanol 

The mixture was stirred at room temperature for 17 hours and 
the wh.te crystals were subsequently filtered off. 0.45 g (56o/o) 
of (S)-2-(-7-ethyl-1.4-dihydro.indeno[1.2-bJpyrrol-1-yl)-i 
methyl-ethylamine fumarate (1:0.5) with m.p. 189-190O was 
obtained. 



10 



Examplft ifi 



a) ,^,P^: sqiuiiop of 8 g (42 mmol) of 6-methoxycarbonyI-l- 
mdanone. 8 ml (0.1 mol) of 3-buten-2-ol and 100 mg of d- 
toluenes.,lphonlc acid in 80 ml of 2.2-dimethoxy-propane was 
15 r^nlt r^^"^^^'"^ 28 hours on a water separator filled with 
15 molecular s.eve (0.4 nm. 2 mm pearl shaped). The reaction 

mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/ethyl acetate 
fpll;, f"^"^'*'"" ^° ^ -^9 °^ '^^'^ ^^'^ obtained 8.5 g 

a) Is a v.n ^"f^-'-^'-'"^^"-^-^'>-^--thoxycarbonyl-i.indanone 
20 as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 45 
minutes while stirring through a solution, cooled to -70o of 
10-5 g (42.9 mmol) of {RS)-2-(2-buten-1.y|)-6-methoxy- 
« carbonyl-1-indanone in 150 ml of anhydrous dichloromethane 

fnd w?r" """'^^ "'^^ 5 minutes 

and with argon for to minutes. After the addition of 4 74 ml 

(64.4 mmol) of dimethyl sulphide the mixture was stirred at 

room temperature for 18 hours. The reaction" mixture was 

0 evaporated in a vacuum and purified by column chromatography on 

snica gel (diethyl ether). By recrystallization of the resuming 

solid there were obtained 4.5 g (45%) of (RS)-2-(2-oxoethvl) 6- 

methoxycarbonyl-l-indanone as a light yellow solid wi" m.p 92o. 



method T , ^ ''^ °^ (RS)-2-(2-oxoethyI)-6- 

a Jd n 7? °^ P-toluenesulphonic 

acid in 70 ml of anhydrous toluene was heated on a water 
separator. A solution of 3g (40 mmol) of (RS)-1-amino-2- 
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propanol in 20 ml of anhydrous toluene was added dropwise to 
the boiling solution over a period of 5 minutes. Subsequently, the 
mixture was boiled for a further 45 minutes, during which the 
solvent was reduced to a volume of 20 ml. The cooled reaction 
5 mixture was purified by column chromatography oh silica gel 
(ethyl acetate/toluene 1:1). 2.2 g (81%) of (RS)-1 -(7-methoxy- 
carbonyl-1 ,4-dihydro-indeno[1 ,2-b]pyrroM -yl)-propan-2-ol 
were obtained as a brown oil. 

ID d) 1.26 ml (16.2 mmol) of methanesulphonyl chloride were 
added dropwise vyhile stirring to a solution, cooled to 0^, of 2.2 g 
(8.1 mmol) : of (RS) -(7-methoxycarbonyl-1 .4-dihydro-indeno- 
[1 ,2-b]pyrrol-1-yl)-propan-2-ol and 4.55 ml (32.4 mmol) of 
triethylamine in 60 ml of dichloromethane and the mixture was 

15 stirred at this temperature for a further 1.5 hours. The reaction 
mixture was subsequently diluted with 100 ml of dichloro- 
methane, washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
were extracted once with 70 ml of dichloromethane. The 

20 combined organic phases were washed with 100 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide, treated with 1 .05 g 
(16.2 mmol) of sodium azide and the reaction mixture was heated 

25 to 60^ for 15 hours while stirring. After cooling the solution was 
poured into 100 ml of water and extracted twice with 100 ml of - 
ethyl acetate each time. The combmed organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 

30 sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 950 mg (40%) of (RS)-1 -(2-a2ido-propyl)-7- 
methoxycarbonyl-1 ,4-dihydro-indeno[1 .2-b]pyrrole were obtained 
as a light brown oil. 



e) 0.95 g (3.2 mmol) of (RS)-1 -(2-azido-propyl)-7-methoxy- 
carbonyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 70 ml of 
anhydrous methanol were hydrogenated on 95 mg of platinum 
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oxide for 4 hours. The catalyst was subsequently filtered off, 
rinsed with methanol and the solvent was drawn off in a vacuum. 
The colourless oil obtained was dissolved in 110 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
5 of 186 mg (1.6mmol) of fumaric acid in 20 ml of nriethanol. The 
mixture was stirred at room temperature for 3 hours and the 
white crystals were subsequently filtered off. 770 mg (73%) of 
(RS) 2-(7-methoxycarbonyl-1 ,4-dihydro-indeno[1 .2-b]pyrrol-1 - 
yl)-1-methyl-ethylamine fumarate (1:0.5) with m.p. 199-200O 

10 were obtained. 

- ■ a ' ' ■ . 

' ' Fxamole 19 

a) A 2M phenyllithium solution was added dropwise over 

15 5 minutes to a solution, cooled to 0°, of 3.55 g (10.7 mmol) of 
(RS)-1 -(2-azido-propyl)-7-mesyloxycarbonyl-1 ,4-dihydro- 
indeno[1,2-b]pyrrole, 90 ml of anhydrous diethyl ether and 90 ml 
of anhydrous tetrahydrofuran. After 15 minutes at this temper- 
ature a further 5.87 ml of the phenyllithium solution were added 

20 dropwfse and the mixture was stirred for a further 5 minutes. 
Subsequently, the reaction mixture was treated with .50 ml of a 
saturated ammonium chloride- solution and 25 ml of water. The 
mixture was extracted once with 50 ml of ethyl acetate and the 
aqueous phase was made slightly acidic with IN hydrochloric acid 

25 and extracted three times with 100 ml of ethyl acetate each 
time. The combined organic phases were washed once with 
100 ml of saturated sodium chloride solution, dried over 
magnesium sulphate and concentrated in a vacuum. 2.7 g (99%) of 
(RS)-1 -(2-azido-propyl)-7-hydroxy-1 ,4-dihydro-indeno[1 ,2-b]- 

30 pyrrole were obtained as a brown oil. 

b) 0.7 ml (7.4 mmol) of acetic anhydride was added while 
stirring to a solution of 1.05 g (4.13 mmol) of (RS)-1-(2-azido- 
propyl)-7-hydroxy-1,4-dihydro-indeno[1.2-b]pyrrol and 0.6 ml 

35 (7.4 mmol) of pyridine in 30 ml of dichloromethane and the 
mixture was stirred for a further 16 hours. Subsequently, the 
reaction mixture "'as treated with 50 ml of dichloromethane and 
40 ml of water, the organic phase was separated and this was 
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washed once with 50 ml of saturated sodium chloride solution. 
After drying over magnesium sulphate the solution was concen- 
trated in a vacuum and the crude product was purified by column 
chromatography on silica gel (ethyl iacetate/hexane 1:2). 0.9 g 
5 (85%) of (RS)-1-(2-a2ido-propyl)-7-acetoxy-1,4-dihydro-indeno- 
[1 ,2-blpyrrole was obtained as a light orange oil. 

c) 0.84 g (2.84 mmol) of (RS)-1-(2-azido-propyl)-7-acetoxy- 
1,4-c^ihydro-indeno[1 .2-blpyrrole dissolved in 100 ml of 

10 anhyiirpus ethanol was hydrogenated on 85 mg of platinum oxide 
for 4 hours. 'The catalyst was subsequently filtered off. rinsed 
with ethanol and the solvent was drawn off in a vacuum. The 
colourless oil obtained was dissolved in 100 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 

15 of 178 mg (1.54 mmol) of fumaric acid in 20 ml of methanol. 
The mixture was stirred at room temperature for 4 hours and the 
white crystals were subsequently filtered off. 400 mg (43%) of 
(RS)-2-(7-acetoxy-1 ,4-dihydro-indeno[1 .2-blpyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 187-188° were 

20 obtained. 

Fxamole 20 

a) A solution of 1.88 g (10 mmol) of (RS)-2-(2-oxoethyl)-6- 
25 methyl-1-indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated -on a water separator. A 
solution of 3.0 g (40 mmol) of (RS)-1 -amino-2-propanol in 
20 ml of -anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 

30 was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (diethyl 
ether/hexane 7:3). 0.99 g (44%) of (RS)-1-(7-methyl-1 .4- 
dihydro-indeno[1 ,2-b]pyrrol-1-yl)-propan-2-ol were obtained as 

36 a brown oil. 

b) 0.67 ml (8.6 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°, of 
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0.98 g (4.3 m mo I) of (RS)-1 -(7-methyl-1 .4-dihydro-indeno[1 ,2- 
b]pyrrol-1-yl)-propan-2-ol and 2.4ml (17.2 mmol) of triethyl- 
amine in 50 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1 .5 hours. The reaction mixture 
5 was subsequently diluted with 100 ml of dichloromethane. 
washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
w^f:e;'l^xt?act^d once with 70 ml of dichloromethane. The 
combined' orgianic phases were washed with 100 ml of saturated 

10 sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The green oil obtained was dissolved in 
40 ml of anhydrous dimethylformamide, treated with_0.56g 
(8.6 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 16 hours while stirring. After cooling the solution was 

15 poured into 100 ml . of water and extracted twice with 100 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 

20 brown oil obtained was purified by column chromatography on 

silica gel (toluene). 737 mg (68%) of (RS)-1-(2-azido-propyf)-7- 
methyl-1 ,4-dihydro-indeno[1.2-b]pyrrole were obtatned as a 
colourless oil. 

25 c) 0.73 g (2.89 mmol) of (RS)-1 -(2-a2ido-propyl)-7-methyl- 
1,4-dihydro-indeno[1,2-b]pyrrole dissolved in 40 ml of anhydrous 
ethanol were hydrogenated on 75 mg of platinum oxide for 3 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 

30 less oil obtained was dissolved in 50 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
168 mg (1.45 mmol) of fumaric acid in 10 ml of methanol. The 
mixture was stirred at room temperature for 17 hours and the 
white crystals were subsequently filtered off. 596 mg (73%) of 

35 (RS)-2-(7-methyl-1 ,4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 194° were 
obtained. 



61 
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Fxamole 21 

a) A solution of 2.08 g (10 mmol) of (RS)-2-(2-oxoethyl)-6- 
chloro-1-indanone and 80 mg of p-toluenesulphonic acid in 

5 70 nnl of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g (40 mmol) of (RS)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was bpHed; for : a further 45 minutes, during which the solvent 

10 was reduced to a 'volume of 30 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 3:7). 1.52 g (61%) of (RS)-1 -(7-chloro-1 ,4- 
dihydro-indeno[1 ,2-b]pyrroM -yl)-propan-2-ol were obtained as 
a brown oil which was used directly in the next reaction. 

15 

b) 0.95 ml (12.3 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to O^C, of 
1.52 g (6.1 mmol) of (RS)-1 -(7-chloro-1 ,4-dihydro-indeno[1 ,2- 
b]pyrrol-1-yl)-propan-2-ol and 3.4 ml (24.5 mmol) of triethyl- 

20 - amine in 40 ml of dichoromethane and the mixture was stirred at 
this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 280 ml of diethyl ether, washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were washed 

25 once with 70 ml of diethyl ether. The combined organic phases 
were washed with 70 hil of saturated sodium chloride solution, 
dried over magnesium sulphate and evaporated in a vacuum. The 
brown oil obtained was dissolved in 30 ml of anhydrous di- 
methylformamide. treated with 718 mg (11.0 mmol) of sodium 

30 azide and the reaction mixture was heated to 60^ for 17 hours 
wriile stirring. After cooling the solution was poured into 
140 ml of water and extracted twice with 140 ml of diethyl 
ether each time and once with 140 ml of ethyl acetate. The 
combined organic phases were washed once with 140 ml of water 

35 and once with 140 ml of saturated sodium chloride solution. 

dried over magnesium sulphate and the solution was concentrated 
in a vacuum. The brown oil obtained was purified by column 
chromatography on silica gel (toluene). 1.0 g (60%) of (RS)-1-(2- 
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azido-propyl)-7-chloro-1 ,4-dihydro-indeno[1 ,2-b]-pyrroIe was 
obtained as an oil. 

c) 1 .0 g (3.7 mmol) of (RS)-1 -(2-azido-propyl)-7-chloro-1 ,4- 
5 dihydro-indeno[1 .2-b]-pyrrole dissolved in 40 ml of anhydrous 
ethanol was hydrogenated on 100 mg of platinum oxide for 
17 hours. The catalyst was subsequently filtered off, rinsed 
with ethanol and the solvent was drawn off in a vacuum. The 
co|oLirless oil obtained was dissolved in 75 ml of anhydrous - 

10 'diethyl eth^ filtered and treated while stirring with a solution 
of 1 95 mg (1 .68 mmol) of fumaric acid in 15 ml of methanol. 
The mixture was stirred at room temperature for 19 hours and 
the white crystals were subsequently filtered off. 945 mg (85%) 
of (RS)-2-(7-chloro-1 ,4-dihydro-indeno[1 .2-b]pyrroM -yl)-1 - 

15 methyl-ethylamine fumarate (1:0.5) with m.p. 206° were obtained. 

Example 22 

a) A solution of 2 g (9.8 mmol) of (RS)-2-(2-oxoethyl)-6- 
20 methoxy-1-indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was"heated on a water separator. A 
solution of 2.94 g (39.2 mmol) of (RS)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 

25 was boiled for a further 30 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by colum chromatography on silica gel (ethyl 
acetate/toluene 1:1). 1.7 g (71%) of (RS)-1-(7-methoxy-1 ,4- 
dihydro-indeno[1 .2-b]pyrrol-1 -yl)-propan-2-ol were obtained as 

30 a solid with m.p. 76^. 

b) 0.64 ml (8.2 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to O^C, of 1 g 
(4.1 mmol) of (RS)-1-(7-methoxy-1 .4-dihydro-indeno[1 ,2-b]- 

35 pyrrol-1-yi)-propan-2-ol and 2.3 ml (16.4 mmol) of triethyl- 
amine in 30 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of diethyl ether, washed 



25 



30 



35 
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twice with 70 ml of saturated sodium hydrogen carbonate solut- 
ion each time and the combined aqueous phases were extracted 
once with 70 ml of diethyl ether. The combined organic phases 
were washed with 70 ml of saturated sodium chloride solution 
5 dried over magnesium sulphato and evaporated in a vacuum The 
brown oil obtained was dissolved in 40 ml of anhydrous di- 
methylformamide. treated with 0.53 g (8.2 mmol) of sodium 
azide and the reaction mixture was heated to 60© for 15 hours 
while stirring. After cooling the solution was poured into 
a 04p ml :pf water and extracted twice with 140 ml of diethyl 
ether each' time. The combined organic phases were washed once 
with 100 ml of water and once with 100 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was puri- 
> fied by column chromatography on silica gel (toluene). 750 mg 
(68%) of (RS)-1-(2-a2ido-propyl)-7-methoxy-1,4-dihydro- 
indeno[1 .2-b]pyrrole as a colourless oil. 

c) 1g (3.7 mmol) of (RS)-1 -(2-a2ido-propyl)-7-methoxy- 
1 .4-dihydro-indeno[1 .2-b]pyrrole dissolved in 50 ml of anhydrous 
ethanol was hydrogenated on lOOmg of platinum oxide for 3 
hours. The catalyst was subsequently filtered off. rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 100 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
216 mg (1.8 mmol) of fumaric acid in 20 ml of methanol. The 
mixture was stirred at room temperature for 18 hours and the 
white crystals were subsequently filtered off. 882 mg (79%) of 
(RS)-2-(7-methoxy-1,4-dihydro-indeno[1,2-b]pyrrol-1-yl)-l- 
methyl-ethylamine fumarate (1:0.5) with m.p. 203° were obtained. 

Examnle ?.q 

a) A solution of 20.0 g (0.12 mol) of 6-methoxy-1 -indanone 
31.3 ml (0.36 mol) of 3-buten-2.ol. 53.5 ml (0.43 mol) of 2 2- 
d.methoxypropane and 200 mg of p-toluenesulphonic acid in 
200 ml of toluene was brought to boiling. The resulting 
rTiethanol/acetone mixture was distilled off and the reaction 
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solution was subsequently boiled under reflux overnight. After 
cooling the solution was washed with 50 ml of saturated sodiunn 
hydrogen carbonate solution. The aqueous washing was extracted 
with 50 ml of ethyl acetate, the organic phases were combined, 
5 dried with magnesium sulphate and evaporated in a vacuum. 
Purification on silica gel (hexane/diethyl ether 5:1) yielded 
13.6 g (55%) of (RS)-2-(2-buten-1 -yl)-6-methoxy-1 -indanone as 
a pale yellow oil. 

10 b) Oz%h^ (3 g ' ozone/hour) was conducted for 60 minutes while 
stirring through a solution, cooled to -70°, of 13.6 g (62 mmol) 
of (RS)-2-(2-buten-1-yl)-6-methoxy-1 -indanone in 200 ml of 
anhydrous dichloromethane and 400 ml of anhydrous methanol. 
Subsequently, the solution was flushed with oxygen and then 

15 6.4 ml (87 mmol) of dimethyl sulphide were added ta the cold 
solution. The solution came to room temperature overnight and 
was evaporated in a vacuum. The residue was dissolved in 
1600 ml of dichloromethane, the solution was treated with 
600 g of silica gel and 100 ml of 10% oxalic acid solution and 

20 stirred overnight. Then, the mixture was filtered and the filtrate 
was concentrated in a vacuum. 6.5 g (51%) of (RS)-2-(2-oxo- 
ethyl)-6-methoxy-1 -indanone were obtained as a yellow oil. 

c) A solution of 4.5 g (22 mmol) of (RS)-2-(2-oxoethyl)-6- 
25 _ methoxy-1 -indanone. and 2.3 g (22 mmol)_ of N-acetylethylene- 

diamine in 100 ml of toluene was boiled under reflux for 10 
minutes. The reaction mixture was evaporated in a vacuum, taken 
up in dichloromethane, dried with magnesium sulphate and again 
evaporated. After purification on silica gel (ethyl acetate) 0.9 g 
30 (15%) of N-[2-(7-methoxy-1 ,4-dihydrp-indeno[1 .2-b]pyrrol-1- 
yl)-ethyl]-acetamide was obtained as a yellowish solid. 

d) 2.4 g (8.9 mmol) of N-[2-(7-methoxy-1 ,4-dihydro-indeno- 
[1 ,2-b]pyrrol-1 -yl)-ethyl]-acetamide were heated to 140° for 17 

35 hours under argon in 48 ml of ethylene glycol/water 2:1 in the 
presence of 2.5 g of potassium hydroxide. The mixture was left 
to cool and treated with 250 ml of semi-saturated sodium 
chloride solution. The mixture was extracted three times with 
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diethyl ether and the combined extracts were dried over sodium 
sulphate, filtered and evaporated. The brown oil was dissolved in 
30 ml of methanol and treated with 1.0 g (8.6 mmol) of fumaric 
acid, following which pale brown crystals separated. These were 
dissolved in 120 ml of warm methanol. After cooling to room 
temperature the product was crystallized out by the slow addi- 
tion of 120 ml of diethyl ether. 2.0 g (66%) of 2-(7-methoxy- 
1.4-dihydro-indeno[1.2-b]pyrrol-1-yl)-ethy!amine fumarate (1:1) 

with m.p. 1 77-1800 were obtained. 

' "■■ ■■ ' Fxamole 24 

a) A solution of 2.0 g (10.4 mmol) of (RS)-2-(2-oxoethyl)-5- 
fluoro-1-indanone and 85 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator. ^ 
solution of 3.12 g (41.6 mmol) of (RS)-1 -amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 2:3). 1.66 g (69%) of (RS)-1 -(6-fluoro-1 .4- 
dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol were obtained as 

a brown oil. 

b) 1.12 ml (14.3 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 
1.66g (7.17 mmol) of (RS)-1 -(6-fluoro-1 .4-dihydro-indenol1 ,2- 
b]pyrrol-1-yl)-propan-2-ol and 3.98 ml (28.7 mmol) of triethyl- 
amine in 60 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 70 ml of dichloromethane." washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 70 ml of dichloromethane. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The brown oil obtained was dissolved in 50 ml of 
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anhydrous dimethylformamide, treated with 0.82 g (12.5 mmol) 
of sodium azide and the reaction mixture was heated to 60° for 
17 hours while stirring. After cooling the solution was poured 
into 80 ml of water and extracted three times with 100 ml of 

5 ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 

ID silica gel;l<t6lu^ 0.45 g (24%) of (RS)-1-(2-azido-propyl)-6- 

fluoro-1^4-dihydr6-lndeno[1 ,2-b]pyrrole was obtained as a yellow 
oil. 

c) 0.44 g (1.71 mmol) of (RS)-1 -(2-azido-propyl)-6-fluoro- 
"15 1,4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 30 ml of anhydrous 
ethanol were hydrogenated on 45 mg of platinum oxide for 5 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 40 ml of anhydrous diethyl 
20 ether, filtered and treated while stirring with a solution of 
100 mg (0.86 mmol) of fumaric acid in 7 ml of methanol. The 
mixture was stirred at room temperature for 15 hours and the 
white crystals were subsequently filtered off. 0.39 g (80%) of 
(RS)-2-(6-fluoro-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
s methyl-ethylamine fumarate (1:0.5) with m.p. 202° was obtained. 

Example 25 

a) A solution of 10.6g (63.3 mmol) of 5,6-difluoro-1 - 
30 indanone. 13.1ml (0.15 mol) of 3-buten-2-ol and "110 mg of p- 
toluenesulphonic acid in 110 ml of 2,2-dimethoxy-propane was 
boiled under reflux for 64 hours on a water separator filled with 
molecular sieve (0.4 nm. 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
35 by column chromatography on silica gel (hexane/diethyl ether 
2:1). !n addition to 3.6 g of educt there were obtained 5.32 g 
(38%) of (RS)-2-(2-buten-1-yl)-5,6-difluoro-1 -indanone as a 
brown oil. 
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b) An ozone stream (2 g ozone/hour) was conducted for 40 
minutes while stirring through a solution, cooled to -70o, of 
5.3 g (23.8 mmol) of (RS)-2-(2-buten-1 -yl)-5.6-difluoro-1 - 
indanone in 125 ml of anhydrous dichloromethane and 25 ml of 
anhydrous methanol. Subsequently, the mixture was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 2.64 mi (36 mmol) of dimethyl sulphide the mixture 
was stirred: at room temperature for 16 hours. The reaction 
mixture was efvaporated in a vacuum, the residue was treated 
with 60 ml of dichoromethane and, after the addition of 10 ml of 
water and 10 ml of trifluoroacetic acid, stirred at room temper- 
ature for 2 hours. The mixture was subsequently poured into 

80 ml of water and neutralized by the spatula-wise addition of 
sodium hydrogen -carbonate while stirring. A further 40 ml of 
water were added, the phases were separated and the aqueous 
phase was extracted twice with 100 ml of dichloromethane each 
time. The combined organic phases were dried over magnesium 
sulphate and concentrated in a vacuum. There was obtained a 
yellow oil which was crystallized from diethyl ether/hexane. 
3.82 g (76%) of (RS)-2-(2-oxoethyl)-5.6-difluoro-1 -indanone 
were obtained as a white solid with m.p. 78-81 

c) A solution of 2.1 g (10'mmol) of (RS)-2-(2-oxoethyl)-5.6- 
difluoro-1 -indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator A 
solution of 3.0 g (40 mmol) of (R)-1-amino-2-propanol in 20 ml 
of anhydrous toluene was added dropwise to the boiling solution 
over a period of 5 minutes. Subsequently, the mixture was bciled 
for a further 45 minutes, during which the. solvent was reduced to 
a volume of 20 ml. The cooled reaction mixture was purified by 
column chromatography on silica gel (diethyl ether/hexane 7:3). 
1.13 g (45%) of (R)-1-(6.7-difluoro-1.4-dihydro-indeno[1,2- 
b]pyrrol-1 -yl)-propan-2-ol were obtained as a brown solid which 
was used without further recrystallization in the next reaction. 

d) 0.7 ml (9 mmol) of methanesulphonyl chloride was added 
dropwise while stirring to a solution, cooled to 0^. of 1.13 g 
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(4.5 mmol) of (R)-1-(6,7-difluoro-1 .4-dihydro-indeno[1 ,2- 
b]pyrrol-1-yl)-propan-2-ol and 2.48 ml (18 mmol) of t'riethyl- 
amine in 50 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
5 was subsequently diluted with 70 ml of dichloromethane. washed 
twice with 60 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 60 ml of dichloromethane. The combined 
organic phases were washed with 90 ml of saturated sodium 
10 chipride' solUtitin^ dried over magnesium sulphate and evaporated 
in a vacuum. The brown oil obtained was dissolved in 40 ml of 
anhydrous dimethylformamide. treated with 0.58 g (8.98 mmol) 
of sodium azide and the reaction mixture was heated to 60° for 
17 hours while stirring. After cooling the solution was poured 
15 into 70 ml of water and extracted three times with 70 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (hexane/ethyl acetate 4:1). 0.97 g (79%) of (S)-1-(2- 
azido-propyl)-6,7-difluoro-1 ,4-dihydro-indeno[1 .2-b]pyrrole was 
obtained as a colourless oil. 

e) 0.97 g (3.5 mmol) of (S)-1 -(2-azido-propyl)-6.7-difluoro- 
1.4-dihydro-indeno[1.2-b]pyrrole dissolved in 50 ml of anhydrous 
ethanol were hydrogenated on 100 mg of platinum oxide for 4.8 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 75 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
406 mg (3.5 mmol) of fumaric acid in 20 ml of methanol. The 
mixture was stirred at room temperature for 22 hours and the 
white crystals were subsequently filtered off. 0.78 g (61%) of 
(S)-2-(6.7-difluoro-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:1) with m.p. 215-217° was 
obtained. 



J 



35 



, 2132S87 

Example pf^ 

fsaLTT'^"^ '^-^^ (64.5 mmol) Of S-chloro-6.n,e,hoxy. 
5 and 300 mg of p-toluenesulphonic acid in 150 ml of 2 2-di 

separator hlled w.th molecular sieve (0.4 nm 2 mm, pearl 

r!!. ! """'"'^ subsequently concentrated in 

a vacuum and purified by column chromatography on silica oel 

" ''''' ^""'"O" '° °' ^^-Tthe e 

°' ('^S)-2-(2-buten.1-yl)-5-chloro- 
6-me,hoxy-3,3-d,methyM-indanone as a pale yellow solid with 

as b) An ozone stream (3 g ozone/hour) was conducted for SO 
minutes while stirring through a solution, cooled to -70o of 
11.9 g (42.7 mmol) of (RS)-2-(2-buten.1.yl).s.chloro-6- 
nnethoxy-3,3-dimethy|.1.indanone in 160 ml of anhydrous 
d,chloromethane and 40 ml of anhydrous methanol. Subsequently 

» the mixture was flushed with oxygen for 5 minutes and with 
argon for 10 minutes. After the addition of 4.7 ml (64 mmol) of 

ft'trhours'^T: ""^'"^ ^""^'^ ^' '-Perature 
for 16 hours. The reaction mixture was evaporated in a vacuum 

the residue was treated with 120 ml of dichoromethane and ' 

' acid «Ld °' '° "^'"^ ^° °' trmuoroacetic 

acid, stirred at room temperature for 2 hours! -The mixture was 

subsequently poured into 150 ml-of water and neutralized by the 

spatula-wise addition of sodium hydrogen carbonate while 

IT"^; 'T"^' ^° °' "^'•^ phases were 

separated and the aqueous phase was extracted twice with 
100 ml of dichloromethane each time. The combined organic 

v~ "Th ""^ T' '"^8"^='"'" ^"'Phate and concentrated in a 
vacuum. The oil obtained was crystallized from hexane/ethyl 
acetate. 10.3 g (90%) of (RS)-2-(2-oxoethyl)-5-chloro-6- 
methoxy-3,3-dimethy|.1-indanone were obtained as a light 
yellow solid with m.p. 102-1030. 
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c) A solution of 6.67 g (25 mmol) of (RS)-2-{2-oxoethyl)-5- 
chloro-6-methoxy-3.3-dimethy|.1-indanone and 150 mg of p- 
toluenesulphonic acid in 200 mi of anhydrous toluene was heated 
on a water separator. A solution of 7.51 g (0.1 mol) of (R)-1- 
; amino-2-propanol in 40 ml of anhydrous toluene was added 
dropwise to the boiling solution over a period of 5 minutes. 
Subsequently, the mixture was boiled for a further 45 minutes, 
during which the solvent was reduced to a volume of 40 ml. The 
cooled reaction mixture was purified by column chromatography 
on silica gel, (ethyl acetate/hexane 1:1). 7.0 g (92%) of (R)-1-(6- 
chloro-7-rhethoxy-'^^^^^ ,2-b]- 
pyrrol-1-yl)-propan-2-ol were obtained as a brown oil. 

d) 0.93 ml (12 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to Qo, of 
1-84g (6.0 mmol) of (R)-1 -(6-chloro-7-methoxy-4,4-dimethyl- 
1.4-dihydro-indeno[l,2-b]pyrrol-1-yl)-propan-2-ol and 3.35 ml 
(24 mmol) of triethylamine in 50 ml of dichloromethane and the 
mixture was stirred at this-temperatu.o for a further 1.5 hours. 
The reaction mixture was subsequently diluted with 150 ml of 
dichloromethane, washed twice with 90 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 
phases were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 90 ml of saturated 
sodiu/n chloride solution, dried over magnesium sulphate and 
evaporated -in a vacuum. The green oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide. treated with 0.78 g 
(12 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 17 hours while stirring. After cooling the solution was 
poured into 70 ml of water and extracted twice with 100 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (hexane/ethyl acetate 3:1). 1.58 g (80%) of (S)-1-(2- 
azido-propyl)-6-chloro-7-methoxy-4.4-dimethyl-l .4-dihydro- 
indeno[1.2-b]pyrrole were obtained as a red oil. 
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e) 1.56 g (4.72 mmol) of (S)-1 -(2-a2ido-propyl)-6-chloro-7- 
methoxy-4,4-dimethyl-1 ,4-dihydro-indeno[1 .2-b]pyrrole 
dissolved in 100 ml of anhydrous ethanol were hydrogenated on 
5 160 mg of platinum oxide for 16 hours. The catalyst was 
subsequently filtered off, rinsed with ethanol and the solvent 
was drawn off in a vacuum. The light yellow oil obtained was 
dissolved in 125 ml of anhydrous diethyl ether, filtered and 
treated while stirring with a solution of 548 mg (4.72 mmol) of 

10 fumaric acid in 15 ml of methanol. The mixture was stirred at 
room,j:.t;ei^peralw,r|B for 19 hours and the white crystals were sub- 
sequently filtered off. 1 .57 g (80%) of (S)-2-(6-chloro-7- 
methoxy-4,4-dimethyl-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:1) with m.p. 186-188° were 

15 obtained. 

Example 27 

a) A solution of 1.92 g (10 mmol) of (RS)-2-(2-oxoethyl)-6- 
20 fluoro-1-indanone and 80 mg of p-toluenesulphonic acid in 

90 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g (40 mmol) of (S)-1 -amino-2-propanol in 20 ml 
of anhydrous toluene was added dropwise to the boling solution 
over a period of 5 minutes. Subsequently, the mixture was boiled 
25 for a further 30 minutes, during which the solvent was reduced to 
a volume of 20 ml. The cooled reaction mixture was purified by 
column chromatography on silica gel (ethyl acetate/toluene "2:3). 
1.51 g (65%) of (S)-1-(7-fluoro-1.4-dihydro-indeno[1.2-b]pyrrol- 
1-yl)-propan-2-ol were obtained as a brown oil. 

30 

b) 0.51 ml (13.1 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°, of 

1.51 g (6.5 mmol) of (S)-1 -(7-fluoro-1 ,4-dihydro-indeno[1 .2-b]- 
pyrrol-1-yl)-propan-2-ol and 3.64 ml (26.1 mmol) of triethyl- 
35 amine in 40 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 100 ml of dichloromethane, wash- 
ed twice with 60 ml of saturated sodium hydrogen carbonate sol- 
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ution each time and the combined aqueous phases were extracted 
once with 70 ml of dichloromethane. The combined organic phas- 
es were washed with 70 ml of saturated sodium chloride solut- 
ion, dried over magnesium sulphate and evaporated in a vacuum. 

5 The brown oil obtained was dissolved in 30 ml of anhydrous 

dimethylformamide, treated with 711 mg (10.9 mmol) of sodium 
azide and the reaction mixture was heated to 50^ for 16 hours 
while stirring. After cooling the solution was poured into 
110 ml of water and extracted twice with 110 ml of ethyl ace- 

10 tate each time. The combined organic phases were washed once 
with 90 and once with 90 ml of saturated sodium 

chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was puri- 
fied by column chromatography on silica gel (toluene). 631 mg 

15 (38%) of (R)-1-(2-a2ido-propyl)-7-fluoro-1 ,4-dihydro-indeno- 
[1 ,2-b]pyrrole were obtained as an oil. 

c) 620 mg (2.4 mmol) of - (R)-1 -(2-azido-propyl)-7-fluoro- 
1 .4 Jihydro-indeno[1 .2-b]pyrrole dissolved in 30 ml of anhydrous 

20 ethanol were hydrogenated on 62 mg of platinum oxide for 15 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was-drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 75 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 

25 140 mg (1.2 mmol) of fumaric acid in 15 ml of methanol. The 
mixture was stirred at room temperature for 4.5 hours and the 
while crystals were subsequently filtered off. 409 mg (53%) of 
(R)-2-(7-fluoro-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:1) with m.p. 174^ were obtained. 

30 

Eyample 28 

a) A solution of 2 g (9.8 mmol) of (RS)-2-(2-oxoethyl)-6- 
methoxy-1-indanone and 80 mg of p-toluenesulphonic acid in 
35 70 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.94 g (39.2 mmol) of (S)-1 -amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
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was boiled for a further 30 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 1:1). 1.5 g (63%) of (S)-1-(7-methoxy-1 ,4- 
5 dihydro-indeno[1 ,2-b]pyrroM -yl)-prGpan-2-ol were obtained as 
a solid with m.p. 74©. 

b) 0.96 ml (12.3 mmol) of methanesulphonyl chloride was 
.added dropvyise while stirring to a solution, cooled to 0^, of 1.5 g 

ID (6.2 mmoiy; p 

pyrrol1-yl)-propan-2-ol and 3.45 ml (24.6 mmol) of triethyl- 
amine in 50 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of diethyl ether, washed 

35 twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 70 ml of diethyl ether. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 

20 in a vacuum. The brown oil obtained was dissolved in 60 ml of 
anhydrous dimethylformamide, treated with 0.71 g (10.9 mmol) 
of sodium azide and the reaction mixture was heated to 60^ for 
15 hours while stirring. After cooling the solution was poijred 
into 140 ml of water and extracted twice with 140 ml of diethyl 

25 ether each time. The combined organic phases were washed once 
with 100 ml of water and with 100 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was 
purified by column chromatography on silica gel (toluene). 1.0 g 
30 (60%) of (R)-1 -(2-azido-propyl)-7-methoxy-1 ,4-dihydro-indeno- 
[1 .2-b]pyrrole was obtained as a colourless oil. 

c) 1 g (3.7 mmol) of (R)-1 -(2-azido-propyl)-7-methoxy-1 ,4- 
dihydro-indeno[1,2-b]pyrrote dissolved in 50 ml of anhydrous 
35 ethanol was hydrogenated on lOOmg of platinum oxide for 4 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 100 ml of anhydrous diethyl 
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74 

ether filtered ar,d treated while stirring with a solutior, of 
240 mg 2 07mmol) of fumaric acid dissolved ,n 20 ml of 

—'I tr i—avr 

pyrrol-1-yl)-1-methyl-ethylamine fumarate (1.0.5) with m.p 
207° were obtained 



• a) A solution of 2.5 g (12.0 mmo.) of ^^f^^^^'^^^^^^^^^ 
chloro-1-indanone and 100 mg of p-toiuenesulphon,c ac^ n 
120 ml in anhydrous toluene was heated on a water sepa a or. A 
l^umi m y ,v (S)-1-amino-2-propanol m 

. 20 r ^f "anhydrous tol e:e was addid dropwise to the .oiling 
' ,:!o: over'a period of 5 minutes. Subse<,uent|y the m^u e 
. Koii*>ri for a further 30 minutes, during which the sotveni 
elce<; ; atlume o, 20 ml. The -led reaot^^^^^^^^^^ 
was purified by column chromatography on s.hca gel (ethyl 

. :::ta^:.toluene' .1). 1.S6g °' <-j--'-f tma „ed as 

dihydro-indenoI1.2-blpyrrol-1-yl)-propan-2-ol 

a brown oil which was used directly in the next reaction. 

0.97 m, (12.5 mmol) of -ethanesulphonyl chloride was 
^ added dropwise while stirring to a solution, cooled to 0 of 
25 aooea u w i-(7.chloro-1 4-dihydro-indeno[1 .2- 

155g (6.3 mmol) of (S)-1 -(/■-cnioro i,h j ,rie,hvl- 
blDvrrol-l-yl)-propan-2-ol and 3.5 ml (25.0 mmol) of triethyl 
n 40 m, of dichloromethane and the mixture was stirred 
T hts temperature for a further 1.5 hours. The '^-^"'"'^ 
30 subsequently diluted with 200 ml of dichloromethane. 

" h d twice With 70 ml 0. saturated sodium ^y^'°ll" 

carbonate solution each time and the --'-'>^"^'' ^^""T'^T 
were extracted once with 70 ml of d-^'oromethane. The 
combined organic phases were washed to 
35 sodium Chloride solution, dried over '"^9-;'';,Th "as dis-o v^^^ in 
evaporated in a vacuum. The brown oil "'"^'"f^"^." ^g, f^g 
30 ml of anhydrous dime.hylformamide. t-^.ed wi h 815 mg 
(12.5 mmol) of sodium azide and the reaction mixture was 
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to 60O for 17 hours while stirring. After cooling the solution was 
poured into 140 ml of water and extracted twice with 140 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 140 ml of water and once with 140 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel, (toluene). 833-mg (49%) of (R)-1 -(2-a2ido-propyl)-7- 
chloro-4,4^ihydr^^^ were obtained as an oil. 

c) 750 mg (2.8 mmol) of (R)-1 -(2-a2ido-propyl)-7-chloro- 
1.4-dihydro-indeno[1,2-b]pyrrole dissolved in 30 ml of anhydrous 
ethanol were hydrogenated on 75 mg of platinum oxide for 16 
hours. Subsequently, the catalyst was filtered off under suction, 
rinsed with ethanol and the solvent was drawn off in a vacuum. 
The colourless oil obtained was dissolved in 70 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 154mg (1.3 mmol) of fumaric acid in 15 ml of methanol. The 
mixture was stirred at room temperature for 6 hours and the 
white crystals were subsequently filtered off. 633 mg (76%) of 
(R)-2-(7-chloro-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 195© were obtained. 

Exampit? 

a) A solution of 3 g (13.9 mmol) of (RS)-2-(2-oxoethyl)-7- 
methoxy-1-tetralone and 150 mg of p-toluenesulphonic acid in 
130 ml in anhydrous toluene was heated on a water separator. A 
solution of 4.16 g (55.5 mmol) of (S)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise -to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 30 minutes, during which the solvent 
was reduced to a volume of 25 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 1:1). 3.0 g (84%) of (S)-1-(4.5-dihydro-8- 
methoxy-1H-benz[g]indoM-yl-propan-2-ol were obtained as a 
brown oil which was used directly in the next reaction. 
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(b) 1.8 ml (23.3 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0^*. of 3 g 
(1 1 .7 nnmol) of (S)-1 -(4,5-dihydro-8-methoxy-1 H-ben2[g]indol- 
l-yl-propan-2-ol and 6.55 ml (46.7 mmol) of triethylamine in 
80 ml of dichloromethane and the mixture was stirred at this 
temperature for a further 1.5 hours. The reaction mixture was 
subsequently diluted with 300 ml of diethyl ether, washed twice 
with 100 ml of saturated sodium hydrogen carbonate solution 
each time and the combined aqueous phases were extracted once 
with 100 rHi 6f:^d ether. The combined organic phases were 
washed with tod rill of saturated sodium chloride solution, dried 
over magnesium sulphate and evaporated in a vacuum. The oil 
obtained was dissolved in 70 ml of anhydrous dimethylform- 
amide, treated with 1.52 g (23.3 mmol) of sodium azide and the 
reaction mixture was heated to 60^ for 15 hours while stirring. 
After cooling the solution was poured into 140 ml of water and 
extracted twice with 140 ml of diethyl ether each time. The 
combined organic phases were washed once with 100 ml of water 
and once with 100 ml of saturated sodium chloride solution, 
dried over magnesium sulphate and the solution was concentrated 
in a vacuum. The brown oil obtained was purified by column 
chromatography on silica gel (toluene). 1 .9 g (58%) of (R)-1-(2- 
azido-propyl)-4,5-dihydro-8-methoxy-1 H-ben2[g]indole were 
obtained as a light yellow oil. 

c) 1-9 g (6.4 mmol) of (R)-1 -(2-azido-propyl)-4,5-dihydro-8- 
methoxy-1 H-benz[g]indole dissolved in 100 ml of anhydrous 
ethanol were hydrogenated ofl. 190 mg of platinum oxide for 16 
hours. The catalyst was subsequently filtered off. rinsed with 
ethonal and the solvent was drawn off in a vacuum. There were 
obtained 1 .64 g (95%) of (R)-2-(4,5-dihydro-8-methoxy-1 H- 
benz[g]indol-1-yl)-1-methyl-ethylamine as a colourless oil, of 
which 440 mg (1.7 mmol) were dissolved in 70 ml of anhydrous 
ether, filtered and treated while stirring with a solution of 
200 mg (1.7 mmol) of fumaric acid in 20 ml of methanol the 
mixture was stirred at room temperature for 2 hours and the 
white crystals were subsequently filtered off. 450 mg (70%) of 
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(R)-2-(4,5-dihydro-8-methoxy-1 H-benz[g]indol-1 -yl)-1 -methyl- 
ethylamine fumarate (1:1) with m.p. 194^ were obtained. 

Example 31 



a) A solution of 1 .2 g (4.7 nnmol) of (R)-2-(4,5-dihydro-8- 
methoxy-1 H-benz[g]indol-1 -yl)-1 -methyl-ethylamine. 0.52 g 
(5.1 mmol) of triethylamine and 0.83 g (5.8 mmol) of ethyl 
triifluoroacetate in 50 ml of anhydrous methanol was stirred at 
rbphri Jerni^ for 27 hours. After the solvent had been drawn 
off in a vacuum the residua was taken up with 70 ml of anhy- 
drous dioxan, 1.8 g (7.9 mmc*) of DDQ were added and the 
mixture was boiled under reflux for 1 .5 hours. Subsequently, the 
reaction mixture was concentrated in a vacuum and the residire 
was purified by column chromatography on silica gel tdichloro- 
methane/acetone 4:1). 0.97 g (59%) of (R)-N-[2-(8-methoxy-1 H- 
ben2[g]indol-1 -yl)-1 -methyl-ethylj-trifluoroacetamide was ob- 
tained as a pale brown solid which wa_s used in the next reaction 
without further recrystallization. 

b) , A mixture of 0.97 g (2.8 mmol) of (R)-N-[2-(8-methoxy- 

1 H-ben2[g]indol-1 -y I)- 1 -methyl-ethyl] -trifluoroacetamide, 1 g 
(17.8 mmol) of potassium hydroxide, 2 ml of water and 40 ml of 
methanol was boiled under reflux for ^5 hours. The reaction 
mixtur-e was subsequently poured into 80 ml of IN sodium 
hydroxide solution, extracted twice with 80 ml of diethyl ether 
each time and once with 80 ml of ethyl acetate and the combined 
organic phases were washed once with 120 ml and dried over 
magnesium sulphate. After concentration in a vacuum the residue 
was dissolved in 100 ml of anhydrous diethyl ether, filtered and 
treated while stirring with a solution of 322 mg (2.77 mmol) of 
fumaric acid in 30 ml of methanol. The mixture was stirred at 
room temperature for 3 hours and the white crystals were sub- 
sequently filtered off. 600 mg (69%) of (R)-2-(8-methoxy-1 H- 
benz[g]indol-1 -yl)-1 -methyl-ethylamine fumarate (1 :0.5) with 
m.p. 2090 were obtained. 
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Fxamnle 32 

a) 254 mg (I.Ommol) of N-[2-(4,5-dihydro-8-methoxy-1 H- 
benz[g]indol-1-yl)ethyl]-acetamide were dissolved in 10 ml of 

5 dioxan under argon, 238 mg (I.OSmmol) of DDQ were added and 
the mixture was heated to reflux for 1 hr. Separated crystals 
were removed by filtration, the filtrate was evaporated and the 
residue was chromatographed on 50 g of silica gel with methyl- 
ene chloride/acetone 9:1. 211 mg (83%) of N-[2-(8-methoxy-1 H- 

10 benz[glindplr1-yl)ethyl]-^ were obtained as a light 

yellowish solid: '^^T^ (silica gel): Rf = 0.25 (methylene 
chloride/acetone 9:1). 

b) 211 mg (0.83 mmol) of N-[2-(8-methoxy-1 H-benz[g]indol- 
15 1 -yl)ethyr]-acetamide were heated to 140° for 9.5 hr. under argon 

in 3 ml of ethylene glycol/water 2:1 in the presence of 0.25 g 
(4.4 mmol) of potassium hydroxide. The reaction mixture was 
left to cool and was poured into 20 ml of semi-concentrated 
sodium chloride solution. The mixture was extracted three times 

2) with diethyl ether and the combined extracts were washed once 
with saturated sodium chloride solution, dried over sodium 
sulphate, filtered and evaporated. The crude product was dis- 
solved in 2 ml of methanol and 70 mg (0.6 mmol) of fumaric 
acid were added. After the addition of 5 ml of diethyl ether the 

25 crystals were filtered off and recrystallized from 8.5 ml of 
methanol/DMF 16:1. 142 mg (53%) of 2-(8-methoxy-1 H- 
benz[g]indol-1-yl)-ethylamine fumarate (1:1) were obtained as 
white crystals with m.p. 200-201°. 

30 Fxample 33 

a) A solution of 20 g (104 mmol) of 5.6-dimethoxy-1- 
indanone. 21.5 ml (0.25 mol) of 3-buten-2-ol and 200 mg of p- 
toluenesulphonic acid in 21.5 ml of 2,2-dimethoxypropane and 
35 200 ml of anhydrous toluene was boiled under reflux for 24 

hours. The reaction mixture was subsequently concentrated in a 
vacuum and purified by column chromatography on silica gel 
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(hexane/ethyl acetate 3:2). 6.8 g (27%) of (RS)-2-(2-buten-1- 
yl)-5,6-dimethoxy-l-indanone were obtained as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted while 
stirring for 30 minutes through a solution, cooled to -70°, of 
6.8 g (27.6 mmol) of (RS)-2-(2-buten- 1 -y|)-5.6-dimethoxy-1 - 
indanone in 100 ml of anhydrous dichloromethane and 20 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
additlofspi 4-.m\ , .(54.3 mmol) of dimethyl sulphide the mixture 
was stirred at roorn temperature for 15 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 250 ml of dichloromethane and, after the addition of 10 ml 
of water and 10 ml of trifluoroacetic acid, stirred at room tem- 
perature for 1.5 hours. The mixture was sub£;equently poured into 
100 ml of water and neutralized while stirring by the spatula- 
wise addition of sodium hydrogen carbonate. A further 70 ml of 
water were added, the phases were separated and the aqueous 
phase was extracted twice with 120 ml of dichloromethane each 
time. The combined organic phases were dried over magnesium 
sulphate, concentrated in a vacuum and the crude product obtained 
was crystallized from diethyl ether/hexane. 4.7 g (73%) of (RS)- 
2-(2-oxoethyl)-5,6-dimethoxy-1 -indanone were obtained as a 
light yellow solid with m.p. 122°. 

c) A solution of 2 g- (8.5 mmol) of (RS)-2-(2-oxoethyl)-5,6- 

dimethoxy-1 -indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator. A 

solution of 2.56 g (34.2 mmol) of (RS)-1-amino-2-propanol in 

20 ml of anhydrous toluene was added dropwise to the boiling 

solution over a period of 5 minutes. Subsequently, the mixture 

was boiled for a further 30 minutes, during which the solvent 

was reduced to a volume of 20 ml. The cooled reaction mixture 

was purified by column chromatography on silica gel (ethyl 

acetate/toluene 2:3). 0.91 g (40%) of (RS)-1 -(1 ,4-dihydro-6.7- 

dimethoxy-indeno[1,2-b]pyrroM-yl)-propan-2-ol was obtained 
as an oil. 
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d) 0.52 ml (6.7 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to Qo of 
0.91 g (3.3 mmol) of (RS)-1 -(1 .4-dihydro-6.7-dimethoxy- 
lndeno[1 .2-b]pyrrol-1 -yl)-propan-2-ol and 1.86 ml (13.4 mmol) 
5 of triethylamine in 25 ml of dichloromethane -nd the mixture 
was stirred at this temperature for a further 1.5 hours. The 
reaction mixture was subsequently diluted with 140 ml of 
dichloromethane. washed twice with 70 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 
) phases were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The brown oil obtained was dissolved in 
40 ml of anhydrous dimethylformamide. treated with 0.43 g 
(6.7 mmol) of sodium azide and the reaction mixture was heated 
to 60O for 15 hours while stirring. After cooling the solution was 
poured into 140 ml of water and extracted twice with 140 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 100 ml of water and once with 100 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by -column chromatography on 
silica gel (toluene/ethyl acetate 4:1). 400 mg (40%) of (RS)-1- 
(2-a2ido-propyl)-1 .4-dihydro-6.7-dimethoxy-indeno[i ,2-b]- 
pyrrole were obtained a* an oil which was used in the next 
reaction witTiout further purification. 

e) 0.4 g (1.3 mmol) of (RS)-1 -(2-azido-propyl)-1 .4-dihydro- 
e.7-dimethoxy-indeno[1.2-b]pyrrole dissolved in 20 ml of anhy- 
drous ethanol was hydrogenated on 40 mg of platinum oxide for 
16 hours. The catalyst was subsequently filtered off. rinsed with 
ethanol and the solvent was drawn off in a. vacuum. The colour- 
less oil obtained was dissolved in 25 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
62.2 mg (0.54 mmol) of fumaric acid in 5 ml of methanol. The 
mixture was stirred at room temperature for 18 hours and the 
white crystals were subsequently filtered off. 314 mg (71%) of 
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(RS)-2-(1 ,4-dihydro-6,7-dimethoxy-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate with m.p. 203-205° were obtained. 

Example 34 

a) A solution of 48 g (0.324 mol) of 4-chromanone, 67 ml 
(0.78 mol) of 3-buten-2-ol and 500 mg of p-toluenesulphonic 
acid in 67 ml of 2,2-dimethoxypropane and 500 ml of anhydrous 
toluene was boiled under reflux for 46 hours. The reaction 
mixture was subsequently concentrated in a vacuum and purified 
by column ,;ch'romatbg^^^^ on silica gel (hexane/diethyl ether 
4:1). 24.7 g (38%) of (RS)-2-(2-buten-1 -yl)-4-chromanone were 
obtained as a yellow oil. 

b) An ozone stream (3.5 g ozone/hour) was conducted while 
stirring for 2 hours through a solution, cooled to -70°, of 24.6 g 
(0.12 mol) of (RS)-2-(2-buten-1-yl)-4-chromanone in 450 ml of 
anhydrous dichloromethane and 150 ml of anhydrcis methanol. 
Subsequently, the solution was flushed with oxygen for 5 minutes 
and with argon for 15 minutes. After the addition of 13.4 ml 
(0.1 8. mol) of dimethyl sulphide the mixture was stirred at room 
temperature for 20 hours. The reaction mixture was subsequently 
evaporated in a vacuum, the residue was treated with 250 ml of 
dichloromethane and. after the addition of 40 ml of water and 

40 ml of trifluoroacetic acid, stirred at .oom temperature for 
4 hours. The mixture was subsequently poured into 100 ml of 
water and neutralized by the spatula-wise addition of-sodium 
hydrogen carbonate while stirring. A further 70 ml of water 
were added, the phases-were separated and the aqueous phase was 
extracted twice with 120 ml of dichloromethane each time. The 
combined organic phases were dried over magnesium sulphate and 
concentrated in a vacuum. 22.7 g (99%) of 2-(2-oxoethyl)-4- 
chromanone were obtained as a yellow oil which was used in the 
next reaction without further purification. 

c) A solution of 1.9 g (lOmmol) of (RS)-2-(2-oxoethyl)-4- 
chromanone and 80 mg of p-toluenesuiphonic acid in 70 .tiI of 
anhydrous toluene was heated on a water separator. A solution of 
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3.0 g (40 mmol) of (RS)-1-amino-2-propanol in 20 ml of 
anhydrous toluene was added dropwise to the boiling solution 
over a period of 5 minutes. Subsequently, the mixture was boiled 
for a further 35 minutes, during which the solvent was reduced to 
5 a volume of 20 ml. The cooled reaction mixture was purified by 
column chromatography on silica gel (ethyl acetate/toluene 2:3). 
1.82 g (79%) of (RS)-1-(1 ,4-dihydro-[13benzopyrano[4,3-b]pyrrol- 
1 -yl)-propan-2-ol were obtained as a yellow oil! 

10 d) :1.23 ml (15.9 mmol) of methanesulphonyl chloride were 
added drppwjse whj'e stirring to a solution, cooled to 0°, of 
1.82 g (7.^ mnibl) of (RS)-1-(1 ,4-dihydro-[1]benzopyrano[4.3-b]- 
pyrrol-1 -yl)-propan-2-ol and 4.4 ml (31.7 mmol) of triethyl- 
amine In 50 ml of anhydrous dichloromethane and the mixture 

15 was stirred at this temperature for a further 1.5 hours. The 
reaction mixture was subsequently diluted with 280 ml of 
diethyl ether, washed twice with 70 ml of saturated sodium 
- hydrogen carbonate solution each time and the combined aqueous 
phases were extracted once with 70 ml of diethyl ether. The 

20 combined organic phases were washed with 140 ml of saturated 
sodium chloride solution, dried oyer magnesium sulphate and 
evaporsited in a vacuum. The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide treated with 1.03 g 
(15.9 mmol) of sodium azide and the reaction mixture was heated 

25 to 60° for 17 hours while stirring. After cooling the solution was 
poured into 140 ml of water and extracted twice with 140 ml of 
diethyl ether each time. The combined organic phases were 
washed onoe with 100 ml of water and once with 100 ml of 
saturated sodium chloride solution, dried over magnesium 

30 sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 1.44 g (71%) of (RS)-1-(2-azido-propyl)- 
1 .4-dihydro-[1]benzopyrano(4.3-b]pyrrole were obtained as a 
colourless oil. 

35 

e) 1.44 g (5.7 mmol) of (RS)-1 -(2-azido-propyl)-1 .4-dihydro- 
[1 jbenzopyrano[4,3-b]pyrrole dissolved in 60 ml of anhydrous 
ethanol were hydrogenated on 150mg of platinum oxide for 
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4 hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 100 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
5 329 mg (2.83 mmol) of fumaric acid in 20 ml of methanol. The 
mixture was stirred at room temperature for 18 hours and the 
white crystals were subsequently filtered off. 1.42 g (88%) of 
(RS)-I -(1 ,4-dihydro-[1]benzopyrano-[4,3-b]pyrrol-1-yl)-1- 
methyl-ethylamine fumarate (1 :0.5) with m.p. 208-209° were 
ID obtained. 

. / f ■ . 

" ; : ^ ' \ Example 35 

a) A lithium diisopropylamide solution, freshly prepared from 
15 3.12 ml (22 mmol) of diisopropylamine and 13.8 ml (22 mmol) 

of 1.6N n-butyllithium in hexane, in 40 ml of anhydrous tetra- 
hydrdfuran was added dropwise while stirring to a solution, 
cooled to -70O. of 2.96 g (18.3 mmol) of 6-methoxy-1-indanone 
in 300 ml of anhydrous tetrahydrofuran. The mixture was stirred 

20 at this temperature for a further 30 minutes and a solution of 
2.03 ml (20.2 mmol) of 3-chloro-2-butenone dissolved in 40 ml 
of anhydrous tetrahydrofuran was subsequently added dropwise 
over 10 minutes. The reaction mixture was left to come to room 
temperature over 30 minutes and was stirred at this temp- 

25 erature for a further 30 minutes. Subsequently, the reaction 
mixture was poured on to 150 ml of ice. 150 ml of saturated 
sodium chloride were added and the organic phase was separated. 
The aqueous phase was^ extracted once with 400 ml of diethyl 
ether, the combined organic phases were washed once with 

30 200 ml of saturated sodium chloride solution, dried over 

magnesium sulphate and concentrated in a vacuum. The red oil 
obtained was purified by column chromatography on silica gel 
(hexane/diethyl ether 3:2). In addition to 0.93 g of educt there 
were obtained 1 .56 g (37%) of rac-6-methoxy-2-(3-oxo-2- 

35 butyl)-1-indanone as a yellow oil. 

b) A solution of 1 .5 g (6.46 mmol) of rac-6-methoxy-2-(3- 
oxo-2-butyl)-1-indanone and 80 mg of p-toluenesulphonic acid in 
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70 ml of anhydrous toluene was heated on a water separator. A 
solution of 1.94 g (25.8 rnol) of (R)-1-amino-2-propanoi in 
20 nnl of anhydrous toluene was added dropwise to the boiling 
solution oyer a period of 5 minutes. Subsequently, the mixture 

5 was boiled for a further 85 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 2:3). 1.23 g (70%) of (R)-1-(7-methoxy-2,3- 
dimethyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-propan-2-ol 

10 were obtained as a yellow oil. 

c) 0.7;inl (9-0 mmol) of methanesulphonyl chloride was added 
dropwise while Stirring to a solution, cooled to 0^, of 1.22 g 
(4.5 mmol) of (R)-1 -(7-methoxy-2,3-dimethyl-1 ,4-dihydro- 

15 indeno[1 ,2-b]pyrrol-1-yl)-propan-2-ol and 2.5 ml (18 mmol) of 
triethylamine in 50 ml of dichloromethane and the mixture was 
stirred at this temperature for a further 1.5 hours. The reaction 
mixture was subsequently diluted with 100 ml of dichloro- 
methane, washed twice with 60 ml of saturated sodium hydrogen 

20 carbonate solution each time and the combined aqueous phases 
were extracted once with 60 ml of dichloromethane. The 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried ov_er magnesium sulphate and 
evaporated in a vacuum. The green oil obtained was dissolved in 

25 40 ml of anhydrous dimethylformamide, treated with 0.58 g 
(9.0 mmol) of sodium azide and the reaction mixture was heated 
to 80^ for 18 hours while stirring. After cooling the solution was 
poured into 70 ml of water and extracted twice times with. 
100 ml of ethyl acetate each time. The combined organic phases 

30 were washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum; The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 0.64 g (48%) of "(S)-1-(2-azido-propyl)-7- 

35 methoxy-2,3-dimethyl-1 .4-dihydro-indeno[1 ,2-b]pyrrole were 
obtained as a light yellow oil. 
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d) 0.63 g (2.12 mmol) of (S)-1-{2-a2ido-propyl)-7-methoxy- 
2,3-dimethyl-1.4-dihydro-indeno[1.2-b]pyrrole dissolved in 
40 ml of anhydrous ethanol were hydrogenated on 63 mg of 
platinum oxide for 2.5 hours. The catalyst was subsequently 
filtered off, rinsed with ethanol and the solvent was drawn off in 
a vacuum. The colourless oil obtained was dissolved in 50 ml of 
anhydrous diethyl ether, filtered and treated while stirring with 
a solution of 123 mg (1.06 mmol) of fumaric acid in 10 ml of 
methanol. The mixture was stirred at room temperature for 16 
hours and the light yellow crystals were subsequently filtered 
off -; 528 mg (76) of (S)-2-(7-methoxy-2.3-dimethyl-1 .4- 
dihydro'^i>^deno[;V2-b]pyrrot-1 -yl)-l -methyl-ethylamine fumarate 
(1:05) with m.p. 197° were obtained. 

P^ample 36 

a) A lithium diisopropylamide solution, freshly prepared from 
3.12 ml (22 mmol of diisopropylamine and 13.8 ml (22 mmol) 
of 1.6N n-butyllithium in hexane. in 40 ml of anhydrous tetra- 
hydrofuran was added dropwise while stirring to a solution, 
cooled to -70O. of 2.96 g (18.3 mmol) of 6-methoxy-1 -indanone 
-in 300 ml of anhydrous tetrahydrofuran. The mixture was stirred 
at this temperature for a further 30 minutes and a solution of 
1 62 ml (20.2 mmol) of chloroacetone dissolved in 40 ml of 
anhydrous tetrahydrofuran was subsequently added dropwise over 
10 minutes. The reaction mixture was left to come to room 
temperature over 90 minutes and was stirred at this temp-, 
erature for a further 45 minutes. Subsequently^ the reaction 
mixture was poured on to 100 ml of ice. 100 ml of saturated 
sodium chloride were added and the organic phase was separated. 
The aqueous phase was extracted once with 300 ml of diethyl 
ether, the combined organic phases were washed once with 
100 ml of saturated sodium chloride solution, dried over 
magnesium sulphate and concentrated in a vacuum. The red oil 
obtained was purified by column chromatography on silica gel 
(hexane/diethyl ether 3:2). There were obtained 2.24 g (56%) of 
(RS)-6-methoxy-2-(2-oxopropyl)-1 -indanone as a yellow solid 
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which was used without further recrystallization in the next 
reaction. 

b) A solution of 1 .45 g (6.64 mmol) of (RS)-6-methoxy-2-(2- 
5 oxopropyl)-1-indanone and 60 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.0 g (26.6 mmol) of (R)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequejitly, the mixture 

10 was boile,<J .;%^ 90 minutes, during which the solvent 

was reduced' to la volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 2:3). 1.05 g (61%) of (R)-1 -(7-methoxy-2- 
methyl-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-propan-2-ol were 

15 obtained as a yellow solid with m.p. 110°. 

c) 0.48 ml (6.2 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to Oo. of 0.8 g 
(3.1 mmol) of . (R)-1-(7-methoxy-2-mefhyl-1 .4-dihydro-indeno- 

20 [1.2-b]pyrrol-1-yl)-propan-2-ol and 1 .73 ml (1 2.4 mmol) of 
triethylamine in 40 ml of dichloromethane and the mixture was 
stirred at this temperature for a further 1.5 hours. The reaction 
mixture was subsequently diluted with 100 ml of dichloro- 
methane. washed twice with 70 ml of saturated sodium hydrogen 

25 carbonate solution each time and the combined aqueous phases 
were extracted once with 60 ml of dichloromethane. The 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The brown oil obtained was dissolved in 

30 25 ml of anhydrous dimethylformamide, treated with 0.40 g 
(6.2 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 16 hours while stirring. After cooling the solution was 
poured into 70 ml of water and extracted twice with 100 ml of 
ethyl acetate each time. The combined organic phases were 

35 washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
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silica gel (toluene). 0.44 g (50%) of (S)-1-(2-azido-propyl)-7- 
methoxy-2-methyM ,4-dthydro-indeno[1 .2-b]pyrrole was 
obtained as a light yellow oil. 

d) 0.44 g (1.56 mmol) of (S)-1 -(2-a2ido-propyl)-7-methoxy- 
2-methyl-1,4-dihydro-indeno[1.2-b]pyrrole dissolved in 35 ml of 
anhydrous ethanol was hydrogenated on 45 mg of platinum oxide 
for 16 hours. The catalyst was subsequently filtered off. rinsed 
with ethanol and the solvent was drawn off in a vacuum. The 
light yellovy. oil obtained was dissolved in 35 ml of anhydrous 
diethyl .ether, filtered and treated while stirring with a solution 
of 90 mg (0.78 mmol) of fumaric acid in 7 ml of methanol. The 
mixture was stirred at room temperature for 18 hours and the 
light yellow crystals were subsequently filtered off. 414 mg 
(84%) of (S)-2-(7-methoxy-2-methyl-1 .4-dihydro-indeno[1,2- 
b]pyrrol-1-yl)-1-methyl-ethylamine fumarate (1:0.5) with m.p. 
1990 were obtained. 

Example 37 

a) A solution of 14.0 g (84 mmol) of 4-chloro-1-indanone. 
r7.3 ml (0-20 mol) of 3-buten-2-ol and 140 mg of p-toluene- 
sulphonic acid in 140 ml of 2.2-dimethoxy-propane was boiled 
under reflux for 64 hours on a water separator filled with 
molecular sieve (0.4 nm. 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 
6:1). 15.2 g (81%) of (RS)-2-(2-buten-1 -yl)-4-chloro-1 -indan- 
one were obtained as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 90 
minutes -while stirring through a solution, cooled to -70°. of 
15.1 g (68.4 mmol) of (RS)-2-(2-buten-1 -yl)-4-chloro-1 -indan- 
one in 200 ml of anhydrous dichloromethane and 40 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 7.55 ml (103 mmol) of dimethyl sulphide the mixture 
was stirred at room temperature for 20 hours. The reaction 
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mixture was evaporated in a vacuum, the residue was treated 
with 200 ml of dichoromethane and, after the addition of 25 ml 
of water and 25 ml of trifluoroacetic acid, stirred at room 
temperature for 2 hours. The mixture was. subsequently poured 
5 into 200 ml of water and neutralized by the spatula-wise 

addition of sodium hydrogen carbonate while stirring. A further 
100 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 120 ml of dichloro- 
methane each time. The combined organic phases were dried over 
10 magnesium sulphate and concentrated in a vacuum. 13.9g (97%) - 



c) A solution of 2.08 g (10.0 mmol) of (RS)-2-(2-oxoethyl)- 
15 4-chloro-1-indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g (40 mmol) of (RS)-1 -amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise -to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 

20 was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by colun^n chromatography on silica gel (ethyl 
acetate/hexane 1:2). 1 .47 g (59%) of (RS)-1 -(5-chloro-1 ,4- 
dihydro-indeno[1 .2-b]pyrrol-1 -yl)-propan-2-ol were obtained as 

25 a brown oil. 

d) 0.92 m4- (11 .9 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°, of 
1.47 g (5.93 mmol) of (RS)-1 -(5-chloro-1 ,4-dihydro-indeno- 

30 [1,2-b]pyrrol-1-yl)-propan-2-ol and 3.3 ml (23.7 mmol) of 

triethylamine in 50 ml of dichloromethane and the mixture was 
stirred at this temperature for a further 1.5 hours. The reaction 
mixture was subsequently diluted with 50 ml of dichloro- 
methane. washed twice with 70 ml of saturated sodium hydrogen 

35 carbonate solution each time and the combined aqueous phases 
were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 




were obtained as a 



light yellow 6il. 
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evaporated in a vacuum. The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide. treated with 0.77 g 
(11.9 mmol) of sodium azide and the reaction mixture was heated 
to 60O for 17 hours while stirring. After cooling the solution was 
5 poured into 80 ml of water and extracted three times with 

100 ml of ethyl acetate each time. The combined organic phases 
were washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
10 brown oil obtained was purified by column chromatography on 
silica gel (hexane/ethyl acietate 4:1). i.Og (62%) of (RS)-1-(2- 
azido-prdpyi);-5-chlpro-1 ,4-dihydro-indeno[1 ,2-b]pyrrole was 
obtained as a light yellow oil. 

15 e) I.Og (3.66 mmol) of (RS)-1-(2-a2ido-propyl)-5-chloro- 
1.4-dihydro-indeno[1,2-b]pyrrole dissolved in 50 ml of anhydrous 
ethanol was hydrogenated on 100 mg of platinum oxide for 5 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 

20 less ojl obtained was dissolved in 80 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
212 mg (1.83 mmol) of fumaric acid in 16 ml of methanol. The 
mixt jre was stirred at room temperature for 18 hours and the 
whitr crystals were subsequently filtered off. 1 .05 g (94%) of 

25 (RS)-2-(5-chloro-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 182° were 
obtained. 

Example 3fl 

30 

a) A solution of 1.8 g (8.25 mmol) of (RS)-6-methoxy-2-(2- 
oxoethyl)-1-indanone and 70 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.48 g (33 mmol) of (RS)-1 -amino-2-propanol in 
35 20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 90 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
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was purified by column chromatography on silica gel (diethyl 
ether/hexane 7:3). 1.37 g (65%) of (RS)-1-(7-methoxy.2- 
methyl-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -y|)-propan-2-ol 
obtained as a brown solid which was used directly in the next 
5 reaction. 



were 



15 



20 



35 



b) 0.81ml (10.5 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to Qo. of 
1.35 g (5.25 mmol) of (RS)-1-(7-methoxy-2-methyl-l 4- 
10 dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol and 2.92 ml 
(21.0 mmol) of triethylamine in 60 ml of dichloromethane and 
•the . mixture was stirred at this temperature for a further 1.5 
hours. The reaction mixture was subsequently diluted with 
120 ml of dichloromethane. washed twice with 70 ml of 
saturated sodium hydrogen carbonate solution each time and the 
combined aqueous phases were extracted once with 70 ml of 
dichloromethane. The combined organic phases were washed with 
90 ml of saturated sodium chloride solution, dried over 
magnesium sulphate and evaporated in a vacuum. The brown oil 
obtained was dissolved in 40 ml of anhydrous dimethylform- 
amide. treated with 0.68 g (10.5 mmol) of sodium azide and the 
reaction mixture was heated to 80° for 23 hours while stirring 
After cooling the solution was poured into 70 ml of water and 
extracted twice with 100 ml of ethyl acetate each time. The 
25 combined organic phases were washed once with 70 ml of water 
and once with 70 ml of saturated sodium chloride solution dried 
over magnesium sulphate and the solution was concentrated in a 
vacuum. The brown oil obtained was purified by column chroma- 
tography on silica gel (toluene). 0.93 g (63%) of (RS)-1-(2- 
» azido--propyl)-7-methoxy-2-methyl-1 .4-dihydro-indeno[1 .2-bI- 
pyrrole was obtained as a light yellow oil. 

c) 0.92 g (3.26 mmol) of (nS)-1 -(2-a2ido-propyl)-7- 
methoxy-2-methyl-1.4-dihydro-indeno[1.2-b]pyrrole dissolved in 
70 ml of anhydrous ethanol was hydrogenated on 90 mg of 
platinum oxide for 16 hours. The catalyst was subsequently 
filtered off. rinsed with ethanol and the solvent was drawn off in 
a vacuum. The light yellow oil obtained was dissolved in 70 ml 



) 
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of anhydrous diethyl ether, filtered and treated while stirring 
with a solution of 189 mg (1.63 mmol) of fumaric acid in 15 ml 
of methanol. The mixture was stirred at room temperature for 18 
hours and the light yellow crystals were subsequently filtered 
off. 800 mg (78%) of (RS)-2-(7-methoxy-2-methyl-1 .4-dihydro- 
mdeno[1 .2-b]pyrrol-1 -yl)-l -methyl-ethylamine fumarate (1:0.5) 
with m.p. 187-188° were obtained. 

Examni<> .-^Q 

a) ; A solution of 11.2 g (64.1-mmol) of 8-isopropyl-1 - 
indanone; I3.3 :m,l (O.vsmol) of 3-buten-2-ol and 110 mg of p- 
toluenesulphonlc ac.d .10 ml of 2.2-dimethoxy-propane was 
boiled under reflux for > hours on a water separator filled with 
molecular sieve (0.4 nrr ^ mm pearl shaped). The reaction 
mixture was subsequent concentrateJ in a vacuum and purified 
by column chromalography on silica r.el (hexane/diethyl ether 
5:1). In addition to 6.6 g of educt there were obtained 5.6 g 

(38%) of (RS)-2-(2-buten-1-yl)-6-isopropyl-1-indanone as a 
yellow oil. 

b) An ozone stream (2 g ozone/hour) was conducted for 50 
minutes while stirring through a solution, cooled 'to -70©, of 
5.6 g (24.5 mmol) of (RS)-2-{2-buten-1 -yl)-6-isopropyl-1 - 
mdanone in 125 ml of anhydrous dichloromethane and 25 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 2.7 ml (36.8 mmol) of dimethyl sulphide the mixture 
was stirred at room temperature for 15 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 60 ml of dichoromethane and. after the addition af 10 ml of 
water and 10 ml of trifluoroacetic acid, stirred at room temper- 
ature for 3 hours: The mixture was subsequently poured into 
50 ml of water and neutralized by the spatula-wise addition of 
sodium hydrogen carbonate while stirring. A further 50 ml of 
water were added, the phases were separated and the aqueous 
phase was extracted twice with 200 ml of dichloromethane each 
time. The combined organic phases were dried over magnesium 
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sulphate and concentrated in a vacuum. 5.08 g (95%) of (RS)-2- 
(2-oxoethyl)-6-isopropyl-1-indanone were obtained as a yellow 
oil. 

5 c) A solution of 2.16 g (10 mmol) of (RS)-2-(2-oxoethyl)-6- 
isopropyl-1-indanone and 80 mg of p-toluenesulphonic acid in 
60 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g (40 mmol) of (RS)-1 -amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 

10 solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced, tO: a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (diethyl 
ether/hexane 7:3). 1 .4 g (55%) of (RS)-1 -(7-isopropyl-1 ,4- 

15 dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-propan-2-ol were obtained as 
a brown oil. 

d) 0.84 ml (10.8 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0^, of 

20 1.38 g (5.4 mmol) of (RS)-1 -(7-isopropyl-1 ,4•dihydro-indeno- 
[1 ,2-b]pyrrol-1 -yl)-propan-2-ol and 3.01 ml (21.6 mmol) of 
triethylamine in 50 ml of dichloromethane iand the mixture was 
stirred at this temperature for a further 1.5 hours. The reaction 
mixture was subsequently diluted with 150 ml of dichloro- 

25 methane, washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
were extracted once with 70 ml of dichloromethane. The 
corhbined organic phases wer^ washed with 100 ml of saturated" 
sodium chloride solution, dried over magnesium sulphate and 

30 evaporated in a vacuum. The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide. treated- with . 0.7 g 
(10.8 mmol) of sodium azide and the reaction mixture was heated 
- to 60^ for 17 hours while stirring. After cooling the solution was 
poured into 70 ml of water and extracted twice with 100 ml of 

35 ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
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brown oil obtained was purified by column chromatography on 
silica gel (toluene). 1.08 g (72%) of (RS)-1 -(2-a2ido-propyl)-7- 
isopropyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrole was obtained as a 
light yellow oil. 

5 

e) 1.06 g (3.78 mmol) of (RS)-1 -(2-a2ido-propyl)-7-iso- 
propyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 50 ml or 
anhydrous ethanol was hydrogenated on 110 mg of platinum oxide 
for 4 hours. The catalyst was subsequently filtered off, rinsed 

10 with ethanol and the solvent was drawn off in a vacuum. The 
colbUrJeSiS oil obtained was dissolved in 80 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 219 mg (1.89 mmol) of fumaric acid in 15 ml of methanol. 
The mixture was stirred at room temperature for 15 hours and 

15 the white crystals were subsequently filtered off. 918 mg (78%) 
of (RS)-2-(7-isopropyl-1 ,4-dihydro-indeno[1 ,2-b]pyrroM -yl)-1 - 
methyl-ethylamine -fumarate (1:0.5) with m. p. 203° were 
obtained. 

20 Example 4Q 

a) A solution of 2.16 g (1_0 mmol) of (RS)-2-(2-oxoethyl)-6- 
isopropyl-1 -indanone and 80 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 

25 solution of 3.0 g (40 mmol) of (R)-1 -amino-2-propanol in 20 ml 
of anhydrous toluene was ado ed dropwise to the boiling solution 
over a period of 5 mfnutes. Subsequently, the mixture was boiled 
for a further 45 minutes, during which the solvent was reduced to 
a volume of 20 ml. The cooled reaction mixture was purified by 

3u column chromatography on silica gel (ethyl acetate/toluene 1:1). 
1.78 g (70%) of (R)-1-(7-isopropyl-1,4-dihydroHndi9no[1.2-b]- 
pyrrol-1 -yl)-propan-2-ol were obtained as ,a brown oil. 

b) 1,08 ml (13.9 mmol) of methanesulphonyl chloride were 
35 added dropwise while stirring to a solution, cooled to 0^, of 

1.78 g (6.97 mmol) of (R)-1 -(7-isopropyl-1 ,4-dihydro-indeno- 
[1 ,2-b]pyrrol-1 -yl)-propan-2-ol and 3.86 ml (27.9 mmol) of 
triethylamine in 50 ml of dichloromethane and the mixture was 
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stirred at this temperature for a further 1 .5 hours. The reaction 
mixture was subsequently diluted with 70 ml of dichloro- 
methane washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
5 were extracted once with 70 ml of dichloromethane. The 

combined organic phases were washed with 100 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The brown oil obtained was dissolved m 
50 ml of. anhydrous dimethylformamide. treated with 0.91 g 
10 (l3 9Tttmc)l) bf 'sodium azide and the reaction mixture was heated 
to 60° for16 hours while stirring. After cooling the solution was 
poured into 150 ml of water and extracted twice with 200 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 1Q0 ml of water and once with 100 ml of 
15 saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 1.12 g (57%) of (S)-1-(2-a2ido-propyl)-7- 
' isopropyl-1.4-dihydro-indeno[1.2.b]pyrrole was obtained as a 
20 colourless oil. 

c) 1.12 g (3.99 mmol) of (S)-1 -(2-azido-propyl)-7-isopropyl- 
1 4-dihydro-indenol1.2-b]pyrrole dissolved in 100 ml of 
anhydrous elhanol were hydrogenated on 112 mg of platinum 

25 oxide for 3 hours. The catalyst was subsequently filtered off. 
rinsed with ethanol and the solvent was drawn- off in a vacuum. 
The colourless oil obtained was dissolved in 100 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 232 mg (2.0 mmol) of fumaric acid in 10 ml of methanol. The 

30 mixture was stirred at room temperature for 5 hours and the 
white crystals were subsequently filtered off. 371 mg (29%) of 
(S)-2-(7-isopropyl-1 .4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.57) with m.p. 179-181° were 
obtained. 
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a) A solution of 11 .0 g (58,0 mmol) of 6-tert-butyl-1 -indan- 
one, 12.5 ml (145 mmol) of 3-buten-2-ol and 110 mg of p- 

5 toluenesulphonic acid in 110 ml of 2,2-dimethoxy-propane was 
boiled under reflux for 41 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 

10 6:1). , 7.35 g (53%) of (RS)-2-(2-buten-1-yl)-6-tert-butyi-1- 
indanone was obtained as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 35 
minutes while stirring through a solution, cooled to -70^, of 

15 7.35 g (30.5 mmol) of (RS)-2-(2-buten-1 -yl)-6-tert-butyl-1 - 
indanone in 150 ml of anhydrous dichloromethane and 30 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 3.36 ml (45.8 mmol) of dimethyl sulphide the 

20 mixture was stirred at room temperature for 17 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 
treated with 100 ml of dichoromethane and. after the addition of 
15 ml of water and 15 ml of trifluoroacetic acid, stirred at 
room temperature for 3 hours. The mixture was subsequently 

25 poured into 100 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 150 ml of dichloro- 
methane each time. The combined organic phases were dried over 

30 magnesium sulphate and concentrated in a vacuum. 6.44 g (92%) 
of (RS)-2-(2-oxoethyl^)-6-tert-butyl-1 -indanone v/ere obtained 
as a yellow oil. 

c) A solution of 2.3 g (10 mmol) of (RS)-2-(2-oxoethyl)-6- 
35 tert-butyl-1 -indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a weiar separator. A 
solution of 3.0 g (40 mmol) of (R)-l-amino-2-propanol in 20 ml 
of anhydrous toluene was added dropwise to the boiling solution 
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over a period of 5 minutes. Subsequently, the nnixture was boiled 
for a further 45 minutes, during which the solvent was reduced to 
a volume of 20 ml. The cooled reaction mixture was purified by 
column chromatography on silica gel (ethyl acetate /toluene 1:1). 
5 1.9 g (70%) of (R)-1-(7-tert-butyl-1.4-dihydro-indeno[1 ,2-bl- 
pyrrol-1-yl)-propan-2-ol were obtained as a brown oil. 

d) 1-1 ml (14.1 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°, of 1.9 g 

ID (7.05 mmol) of (R)-1 -(7-tert-butyl-1 ,4-dihydro-indeno[1 ,2-bl- 
pyrr6l-1-yI)-;propan-2-ol and 3.9 ml (28.2 mmol) of triethyl- 
amine in; 55 mt: .of dichloromet^ and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 150 ml of dichloromathane, 

15 washed twice with 70 ml of saturated sodium hydrogen 

carbonate solution each time and the combined aqu-eous phases 
were extracted once with 70 ml of dichlorojnethane. The 
combined organic phases were washed with 100 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 

20 evaporated in a vacuum. The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide, treated with 0.83 g 
(12.6 mmol) of sodium azide and the reaction mixture was heated 
to "600 for 16 hours while stirring. After cooling the solution was 
poured into 120 ml of water and extracted twice with 120 ml of 

s ethyl acetate each time. The combined organic phases were 
washed once with 100 ml of water and once with 100 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 

30 silica gel (toluene). 0.82 g (44%) of (S)-1 -(2-azido-propyl)-7- 
tert-butyl-1.4-dihydro-indeno(1.2-b]pyrrole was obtained, as a 
light brown oil. 

e) 0.82 g (2.8 mmol) of (S)-1 -(2-azido-propyl)-7-tert-butyl- 
35 l,4-dihydro-indeno(1,2-b]pyrrole dissolved in 30 ml of anhydrous 

ethanol was hydrogenated on 80 mg of platinum oxide for 2 hours. 
The catalyst was subsequently filtered off. rinsed with ethanol 
and the solvent was drawn off in a vacuum. The colourless oil 
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obtained was dissolved in 50 ml of anhydrous diethyl ether, 
filtered and treated while stirring with a solution of 163 mg 
(1.4mmol) of fumaric acid in 10 mi of methanol. The mixture 
was stirred at room temperature for 15 hours and the pale pink 
coloured crystals were subsequently filtered off. 0.33 g (36%) of 
(S)-2-(7-tert-butyl-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 188-190° were 
obtained. 

Example 42 

a) A soJc^ion; 6f,,.9.73 g (45 mmol) of 5'-methoxy-2'.3'- 
dihydro-spiro[cyclopentane-1 ,r-[1H]indene]-3'-one. 9.3 ml 
(108 mol) of 3-buten-2-ol and 100 mg of p-toluenesulphonic 
acid in 100 ml of 2,2-dimethoxy-propane was boiled under reflux 
for 90 hours on a water separator filled with molecular sieve 
(0.4 nm, 2 mm pearl shaped). The reaction mixture was sub- 
sequently concentrated in a vacuum and purified by column 
chromatography on silica gel (hexane/ethyl acetate 7:1). In 
addition to 4.0 g of educt there were obtained 6.24 g (51%) of 
(RS)-2'-(2-buten-1-yl)-5'-methoxy-2'.3'-dihydro-spiro[cyclo- 
pentane-1.1'-[1H]indene]-3'-one as a yellow oil. 

b) An ozone stream (2.5 g ozone/hour) was conducted for 50 
minutes while stirring through a solution, cooled to -70°, of 
6.2 g (22.9 mmol) of (RS)-2'-(2-buten-1-yl)-5'-methoxy.-.2',3*- 
dihydro-spiro[cyclopentane-1,1'-[1H]indene]-3'-one in 80 ml of 
anhydrous dichloromethane and 20 ml of anhydrous methanol. 
Subsequently, the solution was flushed with oxygen for 5 minutes 
and with argon for 10 minutes. After the addition of 2.52 ml 
(34.4 mmol) of dimethyl sulphide the mixture w_as stirred at 
room temperature for 17 hours. The reaction mixture was evapo- 
rated in a vacuum, the residue was treated witf. 100 ml of 
dichoromethane and, after the addition of 15 ml of water and 

15 ml of trifluoroacetic acid, stirred at room temperature for 
2.5 hours. The mixture was subsequently poured into 150 ml of 
water and neutralized by the spatula-wise addition of sodium 
hydrogen carbonate while stirring. A further 50 ml of water 



98 2132887 

were added, the phases were separated and the aqueous phase was 
extracted twice with 100 ml of dichloromethane each time. The 
combined organic phases were dried over magnesium sulphate and 
concentrated in a vacuum. 5.74 g (97%) of (RS)-2'-(2-oxoethyl)- 
5 5'-methoxy-2\3'-dihydro-spiro[cyclopentane-1 .1 '-[1 H]indene]-3'- 
one were obtained as a light yellow oil. 

c) A solution of 2.58 g (10 mmol) of (RS)-2'-(2-oxoethyl)-5'- 
methoxy-2\3'-dihydro-spiro[cyclopentane-1 .1 '-[1 H]indene]-3'-one 

10 and 80 mg of p-toluenesulphonic acid in 70 ml of anhydrous 
toluene, w^s heated on a water separator. A solution of 3.0 g 
(40 mmol) ■ of '{R)-1-amino-2-propanol in 20 ml of anhydrous 
toluene was added dropwise to the boiling solution over a period 
of 5 minutes. Subsequently, the mixture was boiled for a further 

15 45 minutes, during which the solvent was reduced to a volume of 
20 ml. The cooled reaction mixture was purified by column 
chromatography "on silica gel (ethyl acetate/hexane 1:1). 1.98 g 
(67%) of (R)-1 -[7*-metlioxy-1 V4*-dihydro-spiro[cyclopentane- 
1 .4'-indeno[1 .2-b]pyrrole]- V-y l]-propan-2-ol were obtained as a 

20 yellow oil. 

d) 1.02 ml (13.1 mmol) ol methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0^, of 

1 .95 g (6.6 mmol) of (R)-1 -[7'-methoxy-1 \4'-dihydro-spiro- 
25 [cyclopentane-1 ,4'-indeno[1 .2-b]pyrrole)-1 '-yl]-propan-2-ol and 
3.65 ml (26.2 mmol) of triethylamine in 50 ml of dichloro- 
methane and the mixture was stirred at this temperature for a 
further 1.5 hours. The reaction mixture was subsequently diluted 
with 100 ml of dichloromethane. washed twice with 70 ml of 
30 saturated sodium hydrogen carbonate solution each time and the 
combined aqueous phases were extracted once with 70 ml of 
dichloromethane. The combined organic phases were washed with 
70 ml of saturated sodium chloride solution, dried over magne- 
sium sulphate and evaporated in a vacuum. The green oil obtained 
35 was dissolved in 50 ml of anhydrous dimethylformamide, treated 
with 0.86 g (13.2 mmol) of sodium azide and the reaction 
mixture was heated to 70^ for 5 hours while stirring. After 
cooling the solution was poured into 70 ml of water and 
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extracted three times with 100 ml of ethyl acetate each time. 
The combined organic phases were washed once with 70 ml of 
water and once with 80 ml of saturated sodium chloride solution, 
dried over i. inesium sulphate and the solution was concentrated 
5 in a vacuum. The brown oil obtained was purified by column 
chromatography on silica gel (hexane/ethyl acetate 4:1). 1.45 g 
(68%) of (S)-r-(2-azido-propyl)-7'-methoxy-r.4'-dihydro-spiro- 
[cyclopentane]-1,4*-indeno[l,2-b]pyrrole were obtained as a light 
yellow oil. 

ID - " 

e) 't:45 g. (4^^ of (S)-r-(2-azido-propyl)-7'-methoxy- 

1',4'-dihydro-spiro[cyclopentane]-1.4'-indeno[1 ,2-b]pyrrole 
dissolved in 60 ml of anhydrous ethanol were hydrogenated on 
145 mg of platinum oxide for 14 hours. The catalyst was 

15 subsequently filtered off. rinsed with ethanol and the solvent 
was drawn off in a vacuum. The colourless oil obtained was 
dissolved in 100 ml of anhydrous diethyl ether, filtered and 
treated while stirring with a solution of 522 mg (4.5 mmo!) of 
fumaric acid in 10 ml of methanol. The mixture was stirred at 

20 room temperature for 5 hours and the white crystals were 

subsequently fUtered off. 1.47 g (79%) of (S)-1 -methyl-2-(7'- 
methoxy-1 •.4'-dihydro-spiro[cyclopentane]-1 ,4'-indeno[1 ,2- 
b]pyrrol-1-yl)-ethylamine fumarate (1:1) with m.p. 183-185° 
were obtained. 

25 

ExampiP 4.*^ 

a) A solution of 2.50 g (116mmol) of 5'-methyl-2',3'-- 
dihydro-spiro[cyclohexane-1.1'-[lH]indene]-3'-one. 24.1 ml 

30 (280 mol) of 3-buten-2-ol and 250 mg of p-toluenesulphonic 
acid in 250 ml of 2.2-dimethoxy-propane was boiled under reflux 
for 88 hours on a wafer separator filled with molecular sieve 
(0.4 nm, 2 mm pearl shaped). The reaction mixture was subse- 
quently concentrated in a vacuum and purified by column chroma- 

35 tography on silica gel (hexane/ethyl acetate 6:1). In addition to 
8.4 g of educt there were obtained 18.4 g (59%) of (RS)-2' 

buten-1-y|)-5'-methyl-2'.3'-dihydro-spiro[cyclohexane-1.1'- 
[1H]indene]-3'-one as a yellow oil. 
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b) An ozone stream (3 g ozone/hour) was conducted for 75 
minutes while stirring through a solution, cooled to -70o. of 
18 4 g (68.5 mmol) of (RS)-2'-(2-buten-1 -yi)-5'-methyl-2\3'- 
dihydro-spiro[cyclohexane-1.r-[1H]indene]-3'-one in 300 ml of 
anhydrous dichloromethane and 60 ml of anhydrous methanol. 
Subsequently, the solution wao 'lushed with oxygen for 5 minutes 
and with argon for 10 minutes. After the addition of 7.55 ml 
(103 mmol) of dimethyl sulphide the mixture was stirred at room 
temperatuVe for: 16 hours. The reaction mixture was evaporated 
in a vacuum.' the residue was treated with 200 ml of dichoro- 
methane and, after the addition of 30 ml of water and 30 ml of 
trifluoroacetic acid, stirred at room temperature for 3 hours. 
The mixture was subsequently poured into 200 ml of water and 
neutralized by the spatula-wise addition of sodium hydrogen 
carbonate while stirring. A further 50 ml of water were added, 
the phases were separated and the aqueous phase was extracted 
twice with 150 ml of dichloromethane each time. The combmed 
organic phases were dried over magnesium sulphate and concen- 
trated in a vacuum. 17.0 g (97%) of (RS)-2'-(2-oxoethyl)-5'- 
methyl-2'.3'-dihydro-spirolcyclohexane-1 .r-[1 Hlindene]-3'-one 

were obtained as a yellow oil. 

c) A solution of 2.56 g (10 mmol) of (RS)-2'-(2-oxoethyl)-5'- 
methyl-2'.3'-dihydro-spiro[cyclohexane-1.1.'-[lHli.uJenel-3*-one 

and 80 mg of p-toluenesulphonlc acid in 70 nil of anhydrous 
toluene was heated on a water separator. A solution of 3.0 g 
^Ommol) of (R)-1-amino-2-propanol in 20 ml of anhydrous 
toluene was added dropwise to the boiling solution over a period 
of 5 minutes. " Subsequently, the mixture was boiled for a further 
45 minutes, during which the solvent was reduced to a volume of 
20 ml. The cooled reaction mixture was purified by column 
chromatography on silica gel (ethyl acetate/hexane 2:3). 2.45 g 
(83%) of (R)-1-[7*-methyl-r,4'-dihydro-spiro[cyclohexane-1.4'- 
indeno[1.2-b]pyrrole]-1'-yl]-propan-2-ol were obtained as a 
brown oil. 
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d) 1.3 ml (16.6 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 
2 45g (8.3 mmol) of (R)-1-[7'-methyl-r.4'-dihydro-spiro- 
[cyclohexane-1 .4'-indeno[1 ,2-blpyrrolel-1 •-yl]-propan-2-ol and 
5 4 75 ml (33.2 mmol) of triethylamine in 50 ml of dichloro- 
methane and the mixture was stirred at this temperature for a 
further 2.5 hours. The reaction mixture was subsequently diluted 
with 100 ml of dichloromethane. washed twice with 70 ml of 
saturated sodium hydrogen carbonate solution each time and the 
10 combined aqueous phases were extracted once with 70 ml of 

dichloromethane. The combined organic phases were washed with 
70'mi'Of satii^ra^^^ sodium chloride solution, dried over magne- 
sium sulphate and evaporated in a vacuum. The yellow oil 
obtained was dissolved in 75 ml of anhydrous dimethylform- 
15 amide, treated with 1.08 g (16.6 mmol) of sodium azide and the 
reaction mixture was heated to 60° for 16 hours while stirring^ 
After cooling the solution was poured into 140 ml of water and 
extracted three times with 100 ml of ethyl acetate each time. 
The combined organic phases were washed once with 90 ml of 
20 water and once with 90 ml of saturated sodium chloride solution, 
dried over magnesium sulphate and the solution was concentrated 
in a vacuum. The brown oil obtained was purified by column 
chromatography on silica gel (hexane/ethyl acetate 4:1). 1.76 g 
(66%) of (S)-r-(2-azido-propyl)-7'-methyl-r.4'-dihydro-spiro- 
25 [cyclohexane]-1 .4'-indenol1 ,2-blpyrrole were obtained as a light 
red oil. 

e) 1.76 g (5.49 mmol) of (S)-1 •-(2-azido-propyl)-7'^methyl- 
1 • 4'-dihydro-spiro[cyclohexanel-l ,4'-indenol1 ,2-b]pyrrole 

30 dissolved in 100 ml of anhydrous ethanol was hydrogenated on 
170 mg of platinum oxide for 4 hours. The catalyst was 
subsequently filtered off, rinsed with ethanol and the solvent 
was drawn off in a vacuum. The light brown oil obtained was 
dissolved in 100 ml of anhydrous . diethyl ether, filtered and 

35 treated while stirring with a solution of 637 mg (5.49 mmol) of 
fumaric acid in 10 ml of methanol. The mixture was stirred at 
room temperature for 22 hours and the white crystals were 
subsequently filtered off. 1.7 g (76%) of (S)-1-methyl-2-(7'- 
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methyl-r.4'-dihydro-spiro[cyclohexane]-1 ,4'-indeno[1 .2- 
b]pyrrol-1-yl)-ethylamine fumarate (1:1) with m.p. 195-196° 
were obtained. 

pyample 44 

a) A solution of 17.0 g (84.8 mmol) of 5*-methyl-2",3'- 
dihy.dro-spiro[cyclopentane-1.1'-[1H]indenel-3*-one. 17.5 ml 
(204 mol) of 3-buten-2-ol and 170 mg of p-toluenesulphonic 
acid iri 1 70 ml of 2.2-dimethoxy-propane was boiled under reflux 
for 71 houri ' on a :W.ater separator filled with molecular sieve 
(0.4 nm, 2 mm pearl shaped). The reaction mixture was subse- 
quently concentrated in a vacuum and purified by column chroma- 
tography on silica gel (hexane/diethyl ether 4:1). In addition to 
4.0 g of educt there were obtained 12.7 g (59%) of (RS)-2'-(2- 
buten-1-yl)-5'-methyl-2'.3*-dihydro-spiro[cyclopentane-1 .r- 

[1H]indene]-3'-one as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 60 
minutes while stirring through a solution, cooled to -70°, of 
12.7 g (50.1 mmol) of (RS)-2'-(2-buten-1 -yl)-5'-methyl-2'.3'- 
dihydro-spiro[cyclopentane-1.r-[1H]indene)-3*-one in 250 ml of 
anhydrous dichloromethane and 50 ml of anhydrous methanol. 
Subsequently, the solution was flushed with oxygen for 5 minutes 
and with argon for 10 minutes. After the addition of 5.54 ml 
(75.5 mmol) of dimethyl sulphide the mixture was stirred at 
room temperature for 17 hours. The reaction mixture was evapo- 
rated in a vacuum, the residue was treated with 160 ml of 
dichoromethane and. after the "addition of 15 ml of water and 

15 ml of trifluoroacetic acid, stirred at room temperature for 
2.5 hours. The mixture was subsequently poured into 150 ml of 
water and neutralized by the spatula-wise addition of sodium 
hydrogen carbonate while stirring. A further 50 ml of water 
were added, the phases were separated and the aqueous phase was 
extracted twice with 150 ml of dichloromethane each time. The 
combined organic phases were dried over magnesium sulphate and 
concentrated in a vacuum. 12.0 g (99%) of (RS)-2'-(2-oxoethyl)- 
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5'-methyl-2',3'-dihydro-spiro[cyclopentane-1 ,r-[1 H]indene]-3'- 
one were obtained as a light red oil. 

c) A solution of 2.42 g (10 mmol) of (RS)-2'-(2-oxoethyl)-5'- 
5 methyl-2'.3'-dihydro-spiro[cyclopentane-1 .r-[1 H]indene]-3'-one 
and 80 mg of p-toluenesulphonic acid in 70 ml of anhydrous 
toluene was heated on a water separator. A solution of 3.0 g 
(40 mmol) of (R)-1-amino-2-propanol in 20 ml of anhydrous 
toluene was added droowise to the boiling solution over a period 

10 of 5 hiinutes. Subsequently, the mixture was boiled for a further 
45 minutes, during which the solvent was reduced to a volume of 
20 ml. Tha edpled^ :r^^^ mixture was purified by column 
chromatography ori silica gel (diethyl ether/hexane 3:2). 2.06 g 
(73%) of (R)-1 -[7'-methyl-1 •,4'-dihydro-spiro[cyclopentane-1 .4'- 

15 indeno[1.2-b]pyrrole]-r-yl]-propan-2-ol were obtained as a red 
oil. 



d) 1.15 ml (14.6 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to O©. of 
20 2.06 g (7.32 mmol) of (R)-1 -[7'-methyl-1 '.4•-dihydro-spiro- 
[cyclopentane-1 ,4*-indeno[1 .2-b]pyrrole]-1 •-yl]-propan-2-ol and 
4.03 ml (14.6 mmol) of triethylamine in 50 ml of dichloro 
methane and the mixture was -stirred at this temperature for a 
further 1.5 hours. The reaction mixture was subsequently diluted 
25 with 100 ml of dichloromethane, washed twice with 70 ml of 
saturated sodium hydrogen carbonate solution each time and the 
combined aqueous phases were extracted once with 70 ml of 
dichloromethane. The combined organic phases were washed with 
70 ml of saturated sodium chloride solution, dried over magne- 
30 sium sulphate and evaporated in a vacuum. The green oil obtained 
was dissolved in 75 ml of anhydrous dimethylformamide. treated 
with 0.95 g (14.6 mmol) of sodium azide and the reaction 
mixture was heated to 70° for 5 hours while stirring. After 
cooling the solution was poured into 100 ml of water and 
35 extracted three times with 1 00 ml of ethyl acetate each time. 
The combined organic phases were washed once with 70 ml of 
water and once with 70 ml of saturated sodium chloride solution, 
dried over magnesium sulphate and the solution was concentrated 
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in a vacuum. The brown oil obtained was purified by column 
chromatography on silica gel (hexane/ethyl acetate 4:1). 1.34 g 
(66%) of {S)-r-(2-azido-propyl)-7'-methyl-r,4'-dihydro-spiro- 
[cyclopentane]-1 ,4'-indeno[1 ,2-b]pyrrole were obtained as a light 
red oil. 

e) 1.34 g (4.37 mmol) of (S)-r-(2-azido-propyl)-7*-methyl- 
1 ',4'-dihydro-spiro[cyclopentane]-1 ,4*-indeno[1 ,2-b]pyrrole 
dissolved in 75 ml of anhydrous ethanol was hydrogenated on 
135 mg of platinum oxide for 4 hours. The catalyst was subse- 
quently filtered off, rinsed with ethanol and the solvent was 
drawn off, in, a vacuum. The colourless oil obtained was dissolved 
in 80 rnl -of anh^ diethyl ether, filtered and treated while 

stirring with a solution of 507 mg (4.37 mmol) of fumaric acid 
in 10 ml of methanol. The mixture was stirred at room temper- 
ature for 15 hours and the white crystals were subsequently 
filtered off. 1.23 g (71%) of (S)-1 -methyl-2-(7*-methyl-r,4'- 
dihydro:spiro[cyclopentane]-1 ,4'-indeno[1 ,2-b]pyrrol-1 -yl)- 
ethylamine fumarate (1:1) with m.p. 192^ were obtained. 



a) A solution of 1 .05 g (4.13 mmoO of (RS)-1 -(2-azido- 
propyl)-7-hycrroxy-1 ,4-dihydro-indeno[1 ,2-b]pyrrole» 0.77 ml 
(8.26 mmol) of isopropyl bromide and 1.14 g (8.26 mmol) of 
potassium carbonate in 30 ml of N.N-dimethylformamide was 
heated to 50^ for 48 hours. After cooling the solution was 
poured into 150 ml of water and extracted twice with 150 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of semi-saturated sodium chloride 
solution, dried over magnesium sulphate and the solution was 
concentrated in a vacuum. The crude product was purified by 
column chromatography on silica gel (toluene). 0.35 g (28%) of 
(RS)-1 -(2-azido-prapyl)-7-iso-propoxy-1 .4-dihydro-indeno- 
[1 .2-b]pyrrole was obtained as an orange oil which was used 
directly in the next reaction. 
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b) 0!35g (1.17mmol) of (RS)-1-(2-azido-propyl)-7-iso- 
propoxy-1 ,4-dihydro-indeno[1 .2-b]pyrrole dissolved in 40 ml of 
anhydrous ethanol was hydrogenated on 40 mg of platinum oxide 
for 4 hours. The catalyst was subsequently filtered off, rinsed 

5 with ethanol and the solvent was drawn off in a vacuum. The 
colourless oil obtined was dissolved in 70 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 68 mg (0.58 mmol) of fumaric acid in 10 ml of methanol. The 
mixture was stirred at room temperature for 17 hours and the 

ID white crystals were subsequently filtered off. 0.22 mg (57%) of 
(RS)-2T;;(7-isopropoxy-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylaprtine (1:0.5) with m.p. 192° was obtained. 

Example 46 

15 

a) A solution of 8.0 g (54 mmol) of 6-hydroxy-1 -indanone, 
6.3 ml (59.4 mmcl) of cyclopentyl bromide, 16.4 g (119 mmol) 
of potassium carbonate and 10 ml of N.N-drmethylformamide in 
100 ml of acetone was heated to 75° for 35 hours. After cooling 

20 the solution was poured into 150 ml of water and extracted 
twice with 200 ml of ethyl acetate each time. The combined 
organic phases were washed once with 1 00 ml of water and once 
with 100 ml of saturated sodium chloride solution, dried over 
magnesium sulphate and the solution was concentrated in a 

25 vacuum. The crude product was purified by column chroma- 
tography on silica gel (hexane/ethyl acetate 3:1). 9.45 g (81%) of 
6-cyclopentoxy-1 -indanone were obtained as an orange oil which 
was used directly in the next reaction. 

30 b)-. A solution of 9.45 g (43.7 mmol) of 6-cyclopentoxy-1 - 
indanone, 9.0 ml (105 mmol) of 3-buten-2-ol and 100 mg of p- 
toluenesulphonic acid in 100 ml of 2,2-dimethoxy-propane was 
boiled under reflux for 63 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reaction 

35 mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 
6:1). There were obtained 8.1 g (69%) of (RS)-2-(2-buten-1-yl)- 
6-cyclopentoxy-1 -indanone as a yellow oil. 
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c) An ozone stream (1.5g ozone/hour) was conducted for 60 
minutes while stirring through a solution, cooled to -70° , of 
8.1 g (29.9 mmol) of (RS)-2-(2-buten-1 -yl)-6-cyclopentoxy-1 - 
indanone in 150 ml of anhydrous dichloromethane and 30 ml of 
anhydrous methanol- Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 3.29 ml (44.9 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 21 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 
treated with 75 ml of dichoromethane and, after the addition of 
12.5 ml of' Water'^a^ 12.5 ml of trifluoroacetic acid, stirred at 
room temperature for 5 hours. The mixture was subsequently 
poured into 150 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 150 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 5.63 g (73%) 
of (RS)-2-(2-oxoethyl)-6-cyclopentoxy-1 -indanone were obtained 

as an orange oil. 

d) A solution of 2.58 g (10 mmol) of (RS)-2-(2-oxoethyl)-6- 
cyclopentoxy-1 -indanone and 80 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g -(40 mmol) of (RS)-i-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solutio : over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (diethyl 
ether/hexane 7:3). 1 .44 g (48%) of (RS)-1 -(7-cyclopentoxy-1 .4- 
dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol were obtamed as 
a light yellow oil. 

d) 0.75 ml (9.6 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°, of 
1.44 g (4.8 mmol) of (RS)-1 -(7-cyclopentoxy-1 .4-dihydro- 
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indeno[1 ,2-b]pyrrol-1-yl)-propan-2-ol and 2.66 ml (19.3 mmo!) 
of triethylaniine in 55 ml of dichloromethane and the mixture 
was stirred at this temperature for a further 1.5 hours. The 
reaction mixture was subsequently diluted with 100 ml of 

5 dichloromethane, washed twice with 70 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 
phases were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 100 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 

10 evaporated in a vacuum. The green oil obtained was dissolved in 
30 mi- of ^ dimethylformamide. treated with 0.62 g 

(9.6 rrimol) of sodium azide and the reaction mixture was heated 
to 60^ for 16 hours while stirring. After cooling the solution was 
poured into 100 ml of water and extracted twice with 100 ml of 

15 ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 

20 silica gel (ethyl acetate/hexane 1:4). 1.27 g (82%) of (RS)-1-(2- 
azido-propyl)-7-cyclopentoxy-1 ,4-dihydro-indeno[1 .2-b]pyrrole 
were obtained as a light yellowish solid which was used directly 
in the next reaction. 

25 f) 1.27g (3.93 mmol) of (RS)-1 -(2-azido-propyl)-7-cyclo- 
pentoxy-1 .4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 75 ml of 
anhydrous ethanol was hydrogenated on 125 mg of_platinum oxide 
for 16 hours. The catalyst was subsequently filtered off. rinsed 
with ethanol and the -solvent was drawn off in a vacuum. The 

30 light red oil obtained was dissolved in 80 ml of anhydrous 

diethyl ether, filtered and treated while stirring with a solution 
of 198 mg (1.7 mmol) of fumaric acid in 20 ml of methanol. The 
mixture was stirred at room temperature for 17 hours and the 
pale pink coloured crystals were subsequently filtered off. 

35 926 mg (80%) ot (RS)-2-(7-cyclopentoxy-1 ,4 -dihydro-indeno- 
[1 ,2-b]pyrrol-1-yl)-ethy:amine fumarate (1:0 3) with m.p. 196- 
198*^ were obtained. 
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p^^rpple 47 

a) 12 6 ml (162mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to Qo of 

5 12 Og (81 mmol) of 8-hydroxy-1-indanone and 45.2 ml 

(162 mmol) of triethylamine in 350 ml of dichloromethane and 
the solution was stirred at this temperature for a further 
1 5 hours. The reaction mixture was subsequently diluted w.th 
200 ml of dichloromethane. washed twice with 150 ml of 

. saturated sodium hydrogen carbonate solution each tinrie an the 
combined aqueous phases were extracted once J^';^ 
dichloromethane. .The combined organic phases were washed w.th 
200 ml of saturated' sodium chloride solution, ^^'^f ^^^^ 
magnesium sulphate and evaporated in a vacuum. 18.3 g (99 /o) 

15 6-mesyloxy-1-indanone were obtained as a brown sol.d wh.ch 
was used directly in the next reaction. 

b) A s6lution of 18.3 g (80.9 mmol) of 6-mesyloxy-1-indan- 
one 16.7 ml (194 mmol) of 3-bute.n-2-ol and 300 mg of p- 

20 toluenesulphonic acid in 400 ml of 2.2-dimethoxy-propane was 
boned under reflux for 46 hours on a water -separator filled with 
molecular sieve (0.4 nm. 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum ^"d 'f.ed _ 
by column chromatography on silica gel (hexane/ethyl acetate 

25 4-1) In addition to 8.31 g of educt there were obtained 11.3 g 
(50%) of (RS)-2-(2-buten-1-yl)-6-mesyloxy-1-indanone as a 

yellow oil. 

~ c) An ozone stream (2 g ozone/hour) was conducted for 55 
30 minutes while stirring through a solution, coded to -70 . of 
11 3 g (40.3 mmol) of (RS)-2-(2-buten-1 -yl)-6-mesyloxy-1- 
indanone in 300 ml of anhydrous dichloromethane and 60 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 

35 addition of 4.51 ml (61 .5 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 15 hours. The 
reaction mixture was evaporated in a vacuum, the ^l^^^^^ ^^^ 
treated with 250 ml of dichoromethane and. after the addition of 
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25 ml of water and 25 ml of trifluoroacetic acid, stirred at 
room temperature for 4 hours. The mixture was subsequently 
poured into 200 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 200 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 9.38 g (85%) 
of CRS)-2-(2-oxoethyl)-6-mesyloxy-1-indanone were obtained as 
a light brown solid with m.p. 85-87o. 

d) A sol^^^^^^^^ 2.31 g (8.59 mmol) of (RS)-2-(2-oxoethyl)- 
6-mesyIoxy-1-iridanone and 110 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.58 g (34.4 mmol) of (RS)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/hexane 2:3). 0.74 g (28%) of (RS)-1-(7-mesyloxy-1 .4- 
dihydro-indeno[1,2-b]pyrrol-1-yl)-propan-2-ol was obtained as a 
light brown solid which was used directly in the next reaction. 

e) 0.37 ml (4.77 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0°, of 
0.72 g (2.38 mmol) of (RS)-1 -(7-mesyloxy-1 .4-dihydro-indeno- 
[1 .2-b]pyrrol-1 -yl)-propan-2-ol and 1.33 ml (9.53 mmol) of 
triethylamine in 30 ml of dichloromethane and the mixture was 
stirred at this temperature for a further 1.5 hours. -The reaction 
mixture was subsequently diluted with 100 ml of dichloro- 
methane. washed twice with 70 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
were extracted once with 70 ml of dichloromethane. The 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The green oil obtained was dissolved in 
30 ml of anhydrous dimethyiformamide, treated with 0.62 g 
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(4.77 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 16 hours while stirring. After cooling the solution was 
poured into 70 ml of water and extracted twice with 100 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (ethyl acetate/hexane 1:4). 0.68 g (86%) of (RS)-1-(2- 
a2ido-propyl)-7-mesyloxy-1 ,4-dihydro-indeno[1 ,2-b]pyrrole was 
obtained ;&s a light yellowish solid which was used directly in the 
next reactions 

f) 0.66 g (2.0 mmol) of (S)-1 -(2-azido-propyl)-7-mesyloxy- 
1 .4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 30 ml of anhydrous 
ethanol was hydrogenated on 66 mg of platinum oxide for 4 hours. 
The catalyst was subsequently filtered off. rinsed with ethanol 
and the solvent was drawn off in a vacuum. The light brown oil 
obtained was dissolved in 50 ml of anhydrous diethyl ether, 
filtered and treated while stirring with a solution of 116 mg 
(1.0 mmol) of fumaric acid in 10 ml of methanol. The mixture 
was stirred at room temperature for 17 hours and the pale pink 
coloured crystals were subsequently filtered off. 400 mg (55%) 
of (RS)-2-(7-mesyloxy-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 201° were 
obtained. 

~ Example 48 

a) A lithium diisopropylamide solution, freshly prepared from 
4.25 ml (30.0 mmol) of diisopropylamine and 18.7 mJ (30 mmol) 
of 1.6N n-butyllithium in hexane. in 60 ml of anhydrous tetra- 
hydrofuran was added dropwise while stirring to a solution, 
cooled to -70°. of 3.24 g (20.0 mmol) of 5-methoxy-1-indanone 
in 350 ml of anhydrous tetrahydrofuran. The mixture was stirred 
at this temperature for a further 30 minutes and a solution of 
1.6 ml (20.0 mmol) of chloroacetone dissolved in 60 ml of 
anhydrous tetrahydrofuran was subsequently added dropwise over 
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15 minutes. The reaction mixture was left to come to room 
temperature over 100 minutes and was stirred at this temp- 
erature for a further 45 minutes. Subsequently, the reaction 
mixture was poured on to 150 ml of Ice, 150 ml of saturated 

5 sodium chloride were added and the organic phase was separated. 
The aqueous phase was extracted once with 400 ml of diethyl 
ether, the combined organic phases were washed once with 
100 ml of saturated sodium chloride solution, dried over 
magnesium sulphate and concentrated in a vacuum. The red oil 

10 obtained, vi/,?is purified by column chromatography on silica gel 
(hexane/diethyl, ether 3:7). There were obtained 1.67 g of crude 
product which was crystallized from diethyl ether/hexane. The 
crystallization gave 1.21 g (56%) of (RS)-5 methoxy-2-(2-oxo- 
propyl)-1-indanone as a light yellow solid with m.p. 73°. 

15 

b) A solution of 1.2 g (5.5 mmol) of (RS)-5-methoxy-2-(2- 
oxopropyl)-1-indanone and 60 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 
solution of 1.65 g (22.0 mmol) of (RS)-1 -amino-2-propanol in 

20 20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 90 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (diethyl 

25 ether/hexane 7:3). 1.17 g (82%) of (RS)-1-(6-methoxy-2- 

methyl-1 ,4-dihydro-indenoil ,2-b]pyrrol-1 -yl)-propan-2-ol were 
obtained as a yellow solid which was used without further 
crystallization in the next reaction. 

30 c) 0.7 ml (9.0 mmol) of methanesulphonyl chloride was added 
dropwise while stirring to a solution, cooled to 0°. of 1.16 g 
(4.51 mmol) of (RS)-1 -(6-methoxy-2-methyl-1 ,4-dihydro- 
indeno[1 ,2-b]pyrrol-1-yl)-propan-2-ol and 2.5 ml (18.0 mmol) of 
triethylamine in 50 ml of dichloromethane and the mixture was 

35 stirred at this temperature for a further 1.5 hours. The reaction 
mixture was subsequently diluted with 100 ml of dichloro- 
methane, washed twice with 60 ml of saturated sodium hydrogen 
carbonate solution each time and the combined aqueous phases 
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were extracted once with 60 ml of dichloromethane Ttie 
combined organic phases were washed with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 

ZTi'T" 'k t"^"""""- ■^"^ °" dfesolved in 

40 ml of anhydrous dimethylformamide, treated with 0 58 a 

o aoT,°" °1 1°*"'" ^"''^ ^"^ '"^ "I"""™ «as heated 

to 800 ,6 hours while stirring. After cooling the solution was 
poured ,n,o 70 ml of water and extracted twice with 100 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturate<!, sodium chloride solution, dried over magnesium 
sulphate , and , the' solution was concentrated in a vacuum The 
brown oil obtained was purified by column chromatography on 
s,nca gel (toluene). 0.86 g (68%) of "(RS)-1-(2-a^ido-propyl)-6- 
methoxy-2-methyl-1 ,4-dihydro-indeno[1 ,2-b)pyrrole was 
Obtained as a yellow oil. 



ImJf^^w^ °" °' <S)-1-(2-azido-propyl)-6-methoxy- 

2-methyl-1 ,4-d,hydro-indeno[1 ,2-b]pyrrole dissolved in 50 ml ol 

TTvT 71 ly^ogenated on 85 mg of platinum oxide 

L ^ subsequently filtered off. rinsed 

w,th ethanol and the solvent was drawn off in a vacuum The 
nght yellow Oil obtained was dissolved in 70 ml of anhydrous 
d ethyl ether filtered and treated while stirring with a solution 
^ of 175 mg (1.51 mmol) of fumaric acid in 15 ml of methanol 
The nnixture was stirred at room temperature for 19 hours and 
the slightly white crystals were subsequently tilteted off 
779 mg (82%) of (S)-2.(6.methoxy-2-methyl-1 ,4-dihydro- 
'nc)eno[1,2-bJpyrrol-1-_yl)-i-methyl-ethylamine fumarate (10 5) 
30 With m.p. 218° were obtained. ' 

Examnio 4p 

a) A solution of 12.3 g (61.2 mmol) of 5.6-dichloro.1- 

I^ ^ "" °' ^■''"'^"-^-ol and 125 mg of p- 

toluenesulphonic acid in 125 ml of 2,2.dimethoxy-propane was 
bo ed under reflux for 68 hours on a water separator filled "th 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reaction 
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mixture was subsequently concentrated in a vacuum and purified 
by column chromatography on silica gel (hexane/diethyl ether 
4:1). In addition to 4.3 g of educt there were obtained 10.8 g 
(69%) of {RS)-2-(2-buten-1-yl)-5,6-dichloro-1-indanone as a 
5 yellow oil. 

b) An ozone stream (3.5 g ozone/hour) was conducted for 45 
minutes while stirring through a solution, cooled to -70o, of 
10.8 g (42.4 mmol) of (RS)-2-(2-buten-1-yl)-5,6-dichloro-1- 

10 indanpne in 150 ml of anhydrous dichloromethane and 30 ml of 
anWydrbui? me^^ Subsequently, the solution was flushed with 

oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 4.66 ml (63.6 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 3 hours. The 

15 reaction mixture was evaporated in a vacuum, the residue was 
treated with 150 ml of dichoromethane and. after the addition of 
20 ml of water and 20 ml of trifluoroacetic acid, stirred at 
room temperature for 3 hours. The mixture was subsequently 
poured into 100 ml of water and neutralized by the spatula-wise 

20 addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 100 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. There were 

25 obtained 11.6g of crude product which was crystallized from 
hexane/ethyl acetate. The crystallization gave 7.59 g (73%) of 
(RS)-2-(2-oxoethyl)-5,6-dichloro-1 -indanone as a light yellow 
solid with m.p. 93-96^. 

30 c) A solution of 2.0 g (8.23 mmol) of (RS)-2-(2-oxoethyl)- 
5.6-dichloro-1-indanone and 70 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A" 
solution of 2.47 g (32.9 mmol) of (RS)-1 -amino-2-prQpanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 

35 solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (diethyl 
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ether/hexane 4:1). 0.62 g (27%) of (RS)-1-{6.7-dichloro-1 ,4- 
dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-propan-2-ol was obtained as a 
brown oil. 

5 d) 0.33 ml (4.25 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0^. of 0.6 g 
(2.12 nnmol) of {RS)-1 -(6y-dichloro-1 .4-dihydro-inden^^^^^^^^^^ 
b]pyrrdl-1 -yl)-propan-2-6l Bhd " f :1 8 nril (8.5'hrif7idiy "6f ^'llFi^ft^ 
amine in SQ mt pf dichloromethane and the mixture was stirred 

10 at this tenriperature fdr a further 1.5 hours. The reaction mixture 
was subsequently diluted with 50 ml of dichloromethane, washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 70 ml of dichloromethane. The combined 

15 organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The brown oil obtained was dissolved in 50 ml of 
anhydrous dimethylformamide, treated with 275 mg (4.24 mmol) 
of sodium azide and the reaction mixture was heated to 60^ for 

20 17 houLS while stirring. After cooling the solution was poured 
into 60 ml of water and extracted three times with 90 ml of 
ethyl acetate each time. The combined organic phases were 
washed once with 70 ml of water and once with 70 ml of 
saturated sodium chloride solution, dried over magnesium 

25 sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 0.45 g (69%) of (RS)-1-(2-azido-propyl)- 
6.7-dichloro-1 .4-dihydro-indeno[1 ,2-b]pyrrole was obtained as a 
light colourless oil. 

30 

e^ 0.44 g (1,43 mmol) of (RS)-1 -(2-azido-propyl)-6.7-di- 
chloro-1 ,4-dihydro-indeno[1 .2-b]pyrrole dissolved in 30 ml of 
anhydrous ethanol was hydrogenated on 45 mg of platinum oxide 
for 3 hours. The catalyst was subsequently filtered off. rinsed 
35 with ethanol and the solvent was drawn off in a vacuum. The 
colourless oil obtained was dissolved in 30 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 83 mg (0.72 mmol) of fumaric acid in 5 ml of methanol. The 
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mixture was stirred at room temperature for 18 hours and the 
white crystals were subsequently filtered off. 395 mg (81%) of 
(RS)-2-(6,7-dichloro-1 ,4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 203^ were 
5 obtained. 

Example 50 

a) A; s of 13.0 g (89 mmol) of 4-methyl-1 -indanone, 
10 19.2' nil '(Ol22'niol) of 3-buten-2-ol and 170 mg of p-toluene- 

sulphonic acid in 170 ml of 2.2-dimethoxy-propane was boiled 
under reflux for 46 hours on a water separator filled with 
molecular sieve (0.4 nm, 2 mm pearl shaped). The reaction 
mixture was subsequently concentrated in a vacuum and purified 
15 by column chromatography on silica gel (hexane/diethyl ether 
5:1). 12,0 g (67%) of (RS)-2-(2-buten-1-yl)-4-methyl-1-indan- 
one were obtained as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted for 90 
20 minutes while stirring through a solution, cooled to -70^, of 

12.0 g (60 mmol) of (RS)-2-(2-buten-T -yl)-4-methyl-1 -indan- 
one in 220 ml of anhydrous dichloromethane and 45 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 1.0 minutes. After the- 

25 addition of 6.6 ml (90 mmol) of- dimethyl sulphide the mixture 
was stirred at room temperature for 15 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 160 ml of dichoromethane and. after the addition of 20 ml 
of water and 20 ml of trifluoroacetic acid, stirred at room 

30 temperature for 2 hours. The mixture was subsequently poured 
into 200 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
50 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 200 ml of dichloro- 

35 methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 10.6 g (94%) 
of (RS)-2-(2-oxoethyl)-4-methyl-1-indanone were obtained as a 
light yellow oil. 
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c) A solution of 1.9 g (10.0 mmol) of (RS)-2-(2-oxoethyl)-4- 
methyl-1-indanone and 80 mg of p-toluenesulphonic acid in 

70 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g (40 mmol) of (RS)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 45 minutes, during which the solvent 
was reduced to a volume of 20 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (diethyl 
ether/hexane 7:3). 0.63 g (28%) of (RS)-1-(5-methyl-1 ,4- 
dihydro-indeno[1 .2-b]pyrroM-yl)-propan-2-ol was obtained as a 
white' solid W was used directly in the next reaction. 

d) 0.44 ml (5.6 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to 0^, of 
0.63 g (2.8 mmol) of (RS)-1 -C5-methyl-1 ,4-dihydro-indeno[1 ,2- 
b]pyrrol-1-yl)-propan-2-oL and 1.6 ml (11.2 mmol) of triethyl- 
amine in 25 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 50 ml of dichloromethane. washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 70 ml of dichloromethane. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The green solid obtained was dissolved in 30 ml of 
anhydrous dimethylformamide. treated with 0.36 g (5.6 mmol) of 
sodium azide arid the reaction mixture was heated to 60^ for 16 
hours while stirring. After cooling the solution was poured into 
80 ml of water and extracted three times with 100 ml of ethyl 
acetate each time. The combined organic phases were, washed 
once with 70 ml of water and once with 70 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and the 
solution was concentrated in a vacuum. The brown oil obtained 
was purified by column chromatography on silica gel (toluene). 
0.69 g (98%) of (RS)-1 -(2-a2ido-propyl)-5-methyl-1 ,4-dihydro- 
indeno[1.2-b]pyrrole was obtained as a light yellow oil. 



2132887 . 

e) 0.69 g (2.7 mmol) of (RS)-1-(2-azido-propyl)-5-methyl- 
1 ,4-dihydro-indeno[1 .2-b]pyrrole dissolved in 30 ml of anhydrous 
ethanol was hydrogenated on 70 mg of platinum oxide for 3 hours. 

5 The catalyst was subsequently filtered off, rinsed with ethanol 
and the solvent was drawn off in a vacuum. The colourless oil 
obtained was dissolved in 80 ml of anhydrous diethyl ether, 
filtered and treated while stirring with a solution of 157 mg 
(1.35 mmol) of fumaric acid in 15 ml of methanol. The mixture 

ID was stirred at room temperature for 18 hours and the white 

crystals were subsequently filtered off. 0.34 g (44%) of (RS)-2- 
(5-methyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 -methyl- 
ethylamine furnarate (1:0.5) with m.p. 214° were obtained. 

15 Example 51 

a) An ozone stream (3 g ozone/hour) was conducted while 
stirring during 55 minutes through a solution, cooled to -70°, of 
10.1 g (50 mmol) of (RS)-2-(2-buten-1 -yl)-4-chromanone) in 

20 100 ml of anhydrous dichloromethane and 300 ml of anhydrous 
methanol. Subsequently, the solution was flushed with oxygen for 
5 minutes and with argon for 15 minutes. After the addition of 
5 ml (67.7 mmol) of dimethyl sulphide the mixture was stirred 
at room temperature for 16 hours. The reaction mixture was 

25 evaporated in a vacuum, the residue was dissolved with 5.62 g 
(55 mmol) of N-acetylethylenediamine in 100 ml of concen- 
trated acetic acid and boiled under reflux for 45 minutes. The 
reaction mixture was subsequently concentrated in a vacuum and 
the residue was purified by column chromatography on silica gel 

30 (ethyl acetate). There were obtained 5.7 g (45%) of N-[2-(1 .4- 
dihydro[1]benzopyrano[4,3-b]pyrrol-1-yl)-ethyl]-acetamide as a 
brown solid which was used in the next reaction without further 
recrystallization. 

35 b) A mixture of 2.5 g (9.7 mmol) of N-[2-(1 .4-dihydro[1]- 
benzopyrano[4,3-b]pyrrol-1 -yl)-ethyl]-acetamide. 3.28 g 
(58 mmol) of potassium hydroxide. 20 ml of water and 40 ml of 
ethylene glycol was heated to 110° while stirring for 23 hours. 
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After cooling the reaction mixture was poured into 100 ml of 
saturated sodium chloride solution and extracted three times 
with 200 ml of ethyl acetate each time. The organic phases were 
washed once with 200 ml of saturated sodium chloride solution, 
dried over magnesium sulphate and concentrated in a vacuum. The 
residue was. purified by column chromatography on silica gel 
(dichloromethane/methanol/ammonia 200:10:1). The oil obtained 
was dissolved in 110 ml of anhydrous diethyl ether, filtered and 
treated with a solution of 436 mg (3.8 mmol) of fumaric acid in 
20 ml of anhydrous methanol. The mixture was stirred at room 
temperature for 18 hours and the white crystals were sub- 
sequently filtered off under suction. 812mg (31%) of 2-(1,4- 
dihydro-[1 jBeh2opyrano[4.3-b]pyrrol-1-yl)-ethylamine fumarate 
(1:0.5) with m.p. 180^ were obtained. 

Example 52 

a) _ A solution of 1.9 g (10 mmol) of (RS)-2-(2-oxoethyl)-4- 
chromanone and 80 mg of p-toluenesulphonic acid in 70 ml of 
anhydrous toluene was heated on a water separator. A solution of 
3.0 g (40 mmol) of (R)-1-amino-2-propanol in 20 ml of 
anhydrous toluene was added dropwise to the boiling solution 
over a period of 5 minutes. Subsequently, the mixture was boiled 
for a further 35 minutes, during which the solvent was reduced to 
a volume of 20 ml. The cooled reaction mixture was purified by 
column chromatography on silica gel (ethyl acetate/toluene 2:3). 
1.9 g (83%) of- (R)-1-(1.4-dihydro-[1]ben2opyrano[4,3-b]pyrrol-1- 
yl)-propan-2-ol were obtained as a yellow oil. 

b) 1.27 ml (16.4 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°, of 
1-88g (8.2 mmol) of (R)-1-(1 ,4-dihydro-[1]benzopyrano[4,3- 
b]pyrrol-1-yl)-propan-2-ol and 4.57 ml (32.8 mmol) of 
triethylamine in 50 ml of anhydrous dichloromethane and the 
mixture was stirred at this temperature for a further 1.5 hours. 
The reaction mixture was subsequently diluted with 280 ml of 
diethyl ether, washed twice with 70 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 
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phases were extracted once with 70 ml of diethyl ether. The 
combined organic phases were washed with 140 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated in a vacuum. The brown solid obtained was dissolved 

5 in 50 ml of anhydrous dimethylformamide, treated with 1.0 g 
(15.2 mmol) of sodium azide and the reaction mixture was heated 
to 60° for 18 hours while stirring. After cooling the solution was 
poured into 140 ml of water and extracted twice with 140 ml of 
diethyl ether each time. The combined organic phases were 

10 washed once with 100 ml of water and once with 100 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphafe and the solution was concentrated in a vacuum. The 
brown oil dbtaihed was purified by column chromatography on 
silica gel (toluene). 1.67 g (80%) of (S)-1-(2-azido-propyl)-1.4- 

15 dihydro-[1]benzopyrano[4,3-b]-pyrrole were obtained as a colour- 
less oil. 

c) 1.65 g (6.5 mmol) of (S)-1-(2-azido-propyl)-1 .4-dihydro- 
[1]benzopyrano[4.3-b]-pyrrole dissolved in 60 ml of anhydrous 

20 ethanol were hydrogenated on 170 mg of platinum oxide for 4 
hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The thus- 
obtained colourless oil was dissolved in 100 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 

25 of 309 mg (2.67 mmol) of fumaric acid in 20 ml of methanol. 
The mixture was stirred at room temperature for 18 hours and 
the white crystals were subsequently filtered off. 1 .35 g (73%) 
of (S)-1-(1.4-dihydro-[1]benzopyrano[4,3-b]pyrrol-1-yl)-1- 
methyl-ethylamine fumarate (1:0.5) with m.p. 194-195° were 

30 obtained. 

Fxample 53 

a) A solution of 25 g (0.15 mol) of 5-chloro-1 -indanone. 
35 31 ml (0.36 mol) of 3-buten-2-ol and 250 mg of p-toluene- 
sulphonic acid in 31 ml of 2,2-dimethcxypropane and 250 ml of 
anhydrous toluene was boiled under reflux for 17 hours. The 
reaction mixture was subsequently concentrated in a vacuum and 
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purified by column chromatography on silica gel (hexane/diethyl 
ether 5:1). 11 .9 g (36%) of {RS)-2-(2-buten-1-yl)-5-chIoro-1- 
indanone were obtained as a yellow oil. 

5 b) An ozone stream (3 g ozone/hour) was conducted while 
stirring during 60 minutes through a solution, cooled to -70^, of 
11.9 g (53.9 mmol) of (RS)-2-(2-buten-1-yl)-5-chIoro-1 - 
indanone in 200 ml of anhydrous dichlomethane and 100 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 

10 oxygen for 5 minutes and with argon for 10 minutes. After the 
additon of 5.9 ml (80.9 mmol) of dimethyl sulphide the mixture 
was stirred: rat room temperature for 16 hours. The reaction 
mixture was Evaporated in a vacuum, the residue was treated 
with 50 ml of dichloromethane and, after the addition of 12 ml 

15 of water and 12 ml of trifluoroacetic acid, stirred at room 
temperature for 3 hours. The mixture was subsequently poured 
into 100 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
100 ml of water were added, the phases were separated and the 

20 aqueous phase was extracted twice with 150 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate, concentrated in a vacuum and the crude 
product obtained was crystallized from_ ethyl acetate/hexane. 
8.98 g (80%) of (RS)-2-{2-oxoethyl)-6-chlor-1 -indanone were 

25 obtained as a white solid with m,p. 66^. 

c) A solution of 2 g (9,6 mmol) of (RS)-2-(2-oxoethyl)-6- 

chlor-1 -indanone and lOOmg of p-toluenesulphonjc acid in 

90 ml of anhydrous toluene was heated on a water separator. A 

30 solution of 2.88 g (38.3 mmol) of (RS)-1 -amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 35 minutes, during which the solvent 
was reduced to a volume of 30 ml. The cooled reaction mixture 

35 was purified by column chromatography on silica gel (ethyl 

acetate/toluene 1:1). There were obtained 1.9 g (80%) of (RS)-1- 
(6-chloro-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-propan-2-ol as 
a brown oil which was used directly in the next reaction. 
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d) 1.2 ml (15.3 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°, of 1 9 g 
{7.7nnmol) of (RS)-1 -(6-chloro-1 ,4-dihydro-indeno[1 .2-b]pyrrol- 
i 1-yl)-propan-2-ol and 4.3 ml (30.6 mmol) of triethylamine in 
60 ml of dichloromethane and the mixture was stirred at this 
temperature for a further 1.5 hours. The reaction mixture was 
subsequently diluted with 150 ml of dichloromethane. washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
^>^^ractedpqrice yvith 70 ml of dichloromethane. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The brown oil obtained was dissolved in 40 ml of 
anhydrous dimethylformamide. treated with 1.0 g (15.3 mmol) of 
sodium azide and the reaction mixture was heated to 50° for 17 
hours while stirring.' After cooling the solution was poured into 
140 ml of water , and extracted twice with 140 ml of diethyl 
ether each time and once with 140 ml of ethyl acetate. The 
combined organic phases were washed once with 140 ml of water 
and once with 140 ml of saturated sodium chloride solution, 
dried over magnesium sulphate and the solution was concentrated 
in a vacuum. The brown oil obtained was purified by column 
chromatography on silica gel (toluene). 0.8 g (38%) of (RS)-1-(2- 
azido-propyl)-6-chloro-1 .4-dihydro-indeno[1 .2-b]pyrrole was 
obtained as a yellowish oil. 

e) 0.8 g (2.9 mmol) of (RS)-1 -(2-azido-propyl)-6-chloro-1 4- 
dihydro-indeno[1.2-b]pyrrole dissolved in 80 ml of anhydrous 
ethanol were hydrogenated on 80 mg of platinum oxide for 3 
hours. The catalyst was subsequently filtered off. rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 150 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of 
170 mg (1.46 mmol) of fumaric acid in 15 ml of methanol. The 
mixture was stirred at room temperature for 4 hours and the 
white crystals were subsequently filtered off. 780 mg (87%) of 
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(RS)-2-(6-chloro-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethyiamine fumarate (1:0.5) with m.p. 212° were obtained. 

Fxamole 54 

a) A solution 11.Sg (66.7 mmol) of 7-methoxy-4-chroma- 
none. 13.8 ml (0.16 mol) of 3-buten-2-ol and 120 mg of p- 
toluenesulphonic acid in 14 ml of 2.2-dimethoxypropane and 
120 ml of anhydrous toluene was boiled under reflux for 24 
hours. The reaction mixture was subsequently concentrated in a 
vacuum ar.d purified by column chromatography on silica gel 
(hexarie/diethyl ether 4:1). 6.3 g (41%) of (RS)-2-(2-buten-1- 
yl)-7-methoiy-4-chrb'rt)anone were obtained as a yellow oil 

b) An ozone stream (3 g ozone/hour) was conducted while 
stirring for 1 hour through a solution, cooled to -70o. of 6.25 g 
(26.9 mmol) of (RS)-2-(2-buten-1 -yl)-7-methoxy-4-chromanone 
in 90 ml of anhydrous dichloromethane and 30 ml of aahydrous 
methanol. Subsequently, the solution was flushed with oxygen for 
5 minutes and with argon for 15 minutes. After the addition of 

3 ml (40.5 mmol) of dimethyl sulphide the mixture was stirred 
at room temperature for 16 hours. The reaction mixture was 
subsequently evaporated in a vacuum, the residue was treated 
with 60 ml of dichloromethane and. after the addition of 15 ml 
of water and 15 ml of trifluoroacetic acid, stirred at room 
temperature for 3 hours. The mixture was subsequently poured 
into 100 ml of water and neutralized while stirring by the 
spatula-wise addition of sodium hydrogen carbonate. A further 
70 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 100 ml of dichloro- 
methane each "time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. 2.9 g . (49%) of 
2-(2-oxoethyl)-7-methoxy-4-chromanone were obtained as a 
yellow oil. 

c) A solution of 2.38 g (10.8 mmol) of (RS)-2-(2-oxoethyl)- 
7-methoxy-4-chromanone and 80 mg of p-toluenesulphonic acid 
in 90 ml of anhydrous toluene was heated on a water separator. 
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A solution of 3.25 g (43.2 mmol) of (RS)-1 -amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 35 minutes, during which the solvent 
5 was reduced to a volume of 20 mL The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 2:3). 1.95 g (70%) of (RS)-1-(1 ,4-dihydro-8- 
methoxy[1]-benzopyrano[4,3-b]pyrrol-1 -yl)-propan-2-ol were 
obtained as a brown oil. 

10 

d) 1.15 ml X1 4-8 mmol) of methanesuJphonyl chloride were 
added dropwise whil^ ^s to a solution, cooled to 0°. of 

1 .92 g (7.4 mmol) of (RS)-1 -(1 ,4-dihydro-8-methoxy[1]benzo- 
pyrano[4,3-b]pyrrol-1-yl)-propan-2-ol and 4.13 ml (29.6 mmol) 

15 of triethylamine in 50 ml of anhydrous dichloromethane and the 
mixture was stirred at this temperature for a further 1.5_hours. 
The reaction mixture was subsequently diluted with 280 ml of 
diethyl ether, washed twice with 70 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 

20 phases were extracted once with 70 ml of diethyl ether. The 
combined organic phases were washed with 140 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and 
evaporated- in a vacuum. The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide, treated with 0,96 g 

25 (14.8 mmol) of sodium azide and the reaction mixture was heated 
to 60° while stirring for 18 hours. After cooling the solution was 
poured into 140 ml of water and extracted twice with 140 ml of 
diethyl ether each time. The combined organic phases were 
washed once with 100 ml of water and once with 100 ml of 

30 saturated sodium chloride solution, dried over magnesium 
sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 1.58 g (75%) of (RS)-1-(2-azido-propyl)- 
1 .4-dihydro-8-methoxy-[1]benzopyrano[4,3-b]pyrrole were 

35 obtained as a colourless oil. 

e) 1.57 g (5.5 mmol) of (RS)-1 -(2-azido-propyl)-1 ,4-dihydro- 
8-methoxy-[1]benzopyrano[4.3-b]pyrrole dissolved in 60 ml of 
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anhydrous ethanol were hydrogenated on 160mg of platinum 
oxide for 17 hours. The catalyst was subsequently filtered off, 
rinsed with ethanol and the solvent was drawn off in a vacuum. 
The colourless oil obtained was dissolved in 100 ml of anhydrous 

5 diethyl ether, filtered and treated while stirring with a solution 
of 281 mg (2.45 mmol) of fumaric acid in 20 ml of methanol. 
The mixture was stirred at room temperature for 18 hours and 
the white crystals were subsequently filtered off. 1 .42 g (86%) 
of (RS)-1-(1,4-dihydro-[1]ben2opyrano-[4,3-b]pyrrol-1-yl)-1- 

10 methyl-ethylamine fumarate (1:0.5) with m.p. 197-198° were 
obtained. 

' ' ! Example 55 

15 a) A solution of 50.0 g (0.31 mol) of 5-methoxy-1-indanone, 
80 ml (0.92 mol) of 3-buten-2-ol, 132 ml (1.08 mol) of 2.2- 
dimethoxypropane and 600 mg of p-toluenesulphonic acid in 
500 ml of toluene was brought to boiling. The resulting 
methanol/acetone mixture was distilled off and the reaction 

20 solution was subsequently boiled under reflux for a further 48 
hours. After cooling the solution was evaporated in a vacuum. 
Purification on silica gel (hexane/diethyl ether 5:1) yielded 
19.2 g (31%) of (RS)-2-(2-buten-1-yl)-5-methoxy-1-indanone as 
a pale yellow oil. 

25 

b) Ozone (3 g ozone/hour) was conducted while stirring for 85 
minutes through a solution, cooled to -70°, of 19.2 g (89 mmol) 
of (RS)-2-(2-.buten-1-yl)-5-methoxy-1-jndanone in 600 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 

30 oxygen and then 9.1 mi (0.12 mol) of dimethyl sulphide were 
added to the cold solution. The solution came to room temper- 
ature overnight and was evaporated in a vacuum. The residue was 
chromatographed (dichloromethane) over a column with oxalic 
acid solution adsorbed on silica gel (600 g silica gel; 100 ml 

35 10% oxalic acid solution). 14.1 g (78%) of (RS)-2-(2-oxoethyl)- 
5-methoxy-1-indanone were obtained as a yellow oil. 
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c) An ozone stream (3 g ozone/hour) was conducted wh.)e 
stirring during 60 minutes through a solution, cooled to -70^, of 
13.3 g (61.5 mmol) of (RS)-2-(2-oxoethyl)-5-methoxy-1- 
indanone in 200 ml of anhydrous dichloromethane and 100 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 6.82 ml (92.2 mmol) of dimethyl sulphide the 
mixture was stirred at room temperature for 16 hours. The 
reaction mixture was evaporated in a vacuum, the residue was 
treated with 200 ml of dichloromethane and. after the addition 
of 25 ml of. Water and 25 ml of trifluoroacetic acid, stirred at 
room tempei-atOre for i hours. The mixture was subsequently 
poured into 100 ml of water and neutralized while stirring by the 
spatula-wise addition of sodium hydrogen carbonate. A further 
100 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 150 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. There were 
obtained 11.6 g (92%) of (RS)-2-(2-oxoethyl)-5-methoxy-1 - 
indanone as a yellow oil which was used in the next reaction 
without further purification. 

d) A solution of 2g (9.8 mmolj" of (RS)-2-(2-oxoethyl)-5- 
methoxy-1 -indanone and 80 mg of p-toluenesulphonic acid in 
90 ml of anhydrous toluene was heated on a water separator. A 
solution of 2.94 g (39.2 mmo!) of (RS)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 35 minutes, during which the solvent 
was reduced to a volume of 25 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 1:1). There were obtained 1.6 g (67%) of (RS)-1- 
(6-methoxy-1.4-dihydro-indeno[1.2-b]pyrrol-1-yl)-propan-2-ol 

as a brown oil which was used directly in the next reaction. 

e) 1.9 ml (11.6 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 
1.41 g (5.8 mmol) of (RS)-1 -(6-methoxy-1 .4-dihydro-indeno- 
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[1 ,2-blpyrrol-1-yl)-propan-2-ol and 3.24 ml (23.2 mmol) of 
triethylamine in 50 ml of dichloromethane and the mixture was 
stirred at this temperature for a further 1.5 hours. The reaction 
mixture was subsequently diluted with 150 ml of diethyl ether, 

5 washed twice with 70 ml of saturated sodium hydrogen 

carbonate solution each time and the combined aqueous phases 
were extracted once with 70 ml of diethyl ether. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 

10 in a vacuum. The brown oil obtained was dissolved in 40 ml of 
anhyclrous djmethylformamide, treated with 558 mg (8.6 mmol) 
of sodium'aizide ;a^ reaction mixture was heated to 60° while 

stirring for 7 hours. After cooling the solution was poured into 
140 ml of water and extracted twice with 140 ml of diethyl 

15 ether each time. The combined organic phases were washed once 
with 140 ml of water and once with 140 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was 
purified by column chromatography on silica gel (toluene). 0.75 g 

20 (48%) of (RS)-1 -(2-azido-propyl)-6-methoxy-1 ,4-dihydro- 
indeno[1 .2-b]pyrrole was obtained as a colourless oil. 

f) 0.75 g (2.8 mmol) of (RS)-1 -(2-a2ido-propyl)-6-methoxy- 
1,4-dihydro-indeno[1.2-b]pyrrole dissolved in 30 ml of anhydrous 

25 ethanol was hydrogenated on 60 mg of platinum oxide for 16 
- hours. The catalyst was subsequently filtered off, rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 50 ml of anhydrous diethyl 
ether, filtered and treated while stirring with a solution of _ 

30 324 mg (2.79 mmol) of fumaric acid in 50 ml of methanol. The 
mixture was stirred at room temperature for 16 hours and the 
white crystals were subsequently filtered off. 530 mg (63%) of 
(RS)-2-(6-methoxy-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine fumarate (1:0.5) with m.p. 189^ were obtained. 
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Example 55 

a) A solution of 1.9 g (10 mmol) of (RS)-2-(2-oxoethyl)-4- 
chromanone and 80 mg of p-toluenesulphonic acid in 70 ml of 

5 anhydrous toluene was heated on a water separator. A solution of 
3.0 g (40 mmol) of (S)-1-amino-2-propanol in 20 ml of anhyd- 
rous toluene was added dropwise to the boiling solution over a 
period of 5 minutes. Subsequently, the mixture was boiled for a 
further 35 minutes, during which the solvent was reduced to a 

10 volunrii^ of 20 ml. The cooled reaction mixture was purified by 
column chpmiatography on silica gel (ethyl acetate/toluene 2:3). 
1.73 g (76%) of (S)-1-(1 ,4-dihydro-[1]ben2opyrano[4.3-b]pyrro^ 
1 -yl)-propan-2-ol were obtained as a yellow oil. 

15 b) 1.15 ml (14.8 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0^, of 1.7 g 
(7.4 mmol) of (S)-l-(l .4-dihydro-[1 ]ben20pyrano[4.3-b]pyrrol-1 - 
yl)-propan-2-ol and 4.13 ml (29.7 mmol) of triethylamine in 
50 ml of anhydrous dichloromethane and the mixture was stirred 

20 at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of diethyl ether, washed 
twice with 70 ml of saturated sodium hydrogen carbonate solu- 
tion each time and the combined aqueous phases were extracted 
once with 70 ml of diethyl ether. The combined organic phases 

25 were washed with 140 ml of saturated sodium chloride, solution, 
dried over magnesium sulphate and evaporated in a vacuum. The 
brown solid obtained was dissolved in 50 ml of anhydrous 
dimethylformamide, treated with 0.88 g (13.5 mmol) of sodium 
azide and the reaction mixture was heated to 60^ while stirring 

30 for 18 hours. -After cooling the solution was poured into 140 ml 
of water and extracted twice with 140 ml of diethyl ether each 
time. The combined organic phases were washed once with 
100 ml of water and once with 100 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 

35 was concentrated in a vacuum. The brown oil obtained was 

purified by column chromatography on silica gel (toluene). 1 .49 g 
(79%) of (R)-1-(2-azido-propyl)-1 .4-dihydro-[1 ]ben20pyrano[4.3- 
b]-pyrrole were obtained as a colourless oil, 
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c) 1.47 g (5.8 mmol) of (R)-1 -(2-azido-propyl)-1 .4-dihydro- 
[1]ben20pyrano[4.3-b]-pyrroIe dissolved in 60 ml of anhydrous 
ethanol were hydrogenated on 150 mg of platinum oxide for 
5 labours. The catalyst was subsequently filtered off, rinsed 
with ethanol and the solvent was drawn off in a vacuum. The 
colourless oil obtained was dissolved in 100 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 294 nig, (2.53 mmol) of fumaric acid in 20 ml of methanol. 
10 The rriixtur^'vyas stirred at room temperature for 18 hours and 
the white crystals were subsequently filtered off. 1 .3 g (79%) of 
(R)-1 -(1 ,4-dihydro-[1]benzopyrano[4,3-b]pyrrol-1-yl)-1-methyl- 
ethylamine fumarate (1:0.5) m.p. 194-195° were obtained. 

15 Example' 57 

a) 0.5 g (1.8 mmol) of N-[2-(4.5-dihydro-7-methoxy-1 H- 
benz[g]indol-1-yl)ethyl]-acetamide were heated to 140° for 23 
hours under argon in 21 ml of ethylene glycol/water 2:1 in the 

20 presence of 0.60 g (10.7 mmol) of potassium hydroxide. The 
reaction mixture was left to cool and poured into 100 ml of 
semi-concentrated sodium chloride solution. The mixture was 
extracted three times with diethyl ether, the combined extracts 
were washed once with saturated sodium chloride solution, dried 

25 over sodium sulphate, filtered and evaporated. The crude product 
was dissolved in 20 ml of diethyl ether and added dropwise to a 
solution of 245 mg (2.11 mmol) of fumaric acid in 20 ml of 
methanol. The mixture was left to stir for one hr. and the 
yellowish crystals were filtered off under suction. 241 mg 

30 (38%) of 2-(4.5-dihydro-7-methoxy-1H-benz[gJindol-1-yl)- 
ethylamine fumarate (1:0.8) with m.p. 195° were obtained. 

Example 58 

35 a) 35.25 g (0.2 mol) of 5-methoxy-1 -tetralone and 61ml 
(0.8 mol) of N.N-dimethylhydrazine were heated to about 80° 
under argon for 5 hours. The mixture was left to cool, 200 ml of 
10% sodium chloride solution were added and the mixture was 
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extracted several times with diethyl ether. The mixture was 
dried over sodium sulphate, filtered and evaporated. The oily 
residue was distilled over a 10 cm Vigreux column. At 85- 
950/0.1 mbar there were obtained 36.4 g (83%) of 5-methoxy-1- 
5 tetralone N,N-dimethylhydrazone as a yellow oil. 

b) 3.12 g (14.3 mmol) of 5-methoxy-1 -tetralone N.N-dime- 
thylhydrazone and 4,15 ml of DMPU were dissolved in 70 ml of 
absolute THF under argon and cooled to -75^. 10.7 ml of a 1.6M 

ID solution of n-butyllithium in hexane were added dropwise. The 
mixture was stirred at -75^ for 1 hour and thereupon treated 
slowly with ,'2.0 ml (17.1 mmol) of bromoacetaldehyde dimethyl 
acetal. The- mixture^ w left to warm to room temperature and 
Stirred for 26 hours. 20 ml of water were added at about 0^ and 

15 the mixture was extracted three times with ethyl acetate. After 
drying over sodium sulphate the mixture was filtered, evaporated 
and the residue was chromatographed on silica gel with toluene, 
then with toluene/ethyl acetate 9:1. 1.62 g (37%) of 2-(2,2- 
dimethoxy-1 -ethyl) -5- methoxy-1 -tetralone N.N-dimethyl- 

20 hydrazone were obtained as an oil. 

c) 280 mg (0.9 mmol) of 2-(2.2-dimethoxy-1 -ethyl)-5- 
methoxy-1 -tetralone N,N-dimethylhydrazone were dissolved in 
12.5 ml of THF and added to 5 ml of phosphate buffer (prepared 

25 from 2 ml of 1/1 5M potassium dihydrogen phosphate and 3 ml of 
1/15M disodium hydrogen phosphate) as well as 156 mg of copper 
(II) chloride dihydrate. After stirring at room temperature for 
3.5 hours the reaction had finished. The mixture was treated 
with 10 ml of 20% ammonium chloride solution and 0.8 ml of~ 

30 cone ammonia. Then, the mixture was extracted several times 
with ethyl acetate, dried over sodium sulphate, filtered and evap- 
orated. The residue was chromatographed on- silica gel firstly 
with toluene, then with toluene/ethyl acetate 9:1. 180 mg (80%) 
of 2-(2-oxoethyl)-5-methoxy-1 -tetralone were obtained as a 

35 yellowish oil (Rf = 0.31, silica gel (toluene/ethyl acetate 9:1)). 

d) 175 mg (0.7 mmol) of 2-(2-oxoethyl)-5-methoxy-1 - 
tetralone and 144 mg (1.4 mmol) of N-acetylethylenediamine 
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were heated to reflux under argon in 4 ml of acetic acid for 1 .5 
hours. The solvent was removed in a vacuum, the residue was 
taken up in 25 ml of water and extracted several times with 
dichloromethane. Chromatography on 20 g of silica gel with 
5 ethyl acetate gave a greenish coloured oil. This was crystallized 
from toluene for purification. 91 mg (46%) of N-[2-(4,5-dihydro- 
6-methoxy-1H-ben2[g]indol-1-yl)ethyll-acetamide with m.p. 133° 
were obtained. 

10 e) 3.34 g (11.7mmol) of N-[2-(4.5-dihydro-6-methoxy-1H- 
benz[giindolrlTyl)ethyl]-acetamide were heated to 140° for 
23 hr. undent .argbn /irt of ethylene glycol/water 2:1 in the 

. presence of 3.93 g (58.8 mmol) of potassium hydroxide. The 
reaction mixture was left to cool and was poured into 300 ml of 

15 semi-concentrated sodium chloride solution. The mixture was 
extracted three times with diethyl ether, dried over sodium 
sulphate, filtered _and evaporated. The crude product was diss- 
olved in 30 ml of methanol and treated with 1.61 g (13.8 mmol) 
of fumaric acid. The separated crystals were recrystallized frorh 

20 a total of 140 ml of methanol. 3.8 g (90%) of 2-(4,5-dihydro-6- 
methoxy-1H-benz[g]indol-1-yl)-ethylamine fumarate (1:1) were 
obtained as yellowish crystals with m.p. 198o. 

Example 59 

25 

a) 6.30 g (22.2 mmol) of N-[2-(4,5-dihydro-8--methoxy-1 H- 
benz[g]indol-1-yl)ethyl]-acetamide were heated to 140^ for 21 
hours under argon in 64 ml of ethylene glycol/water 2:1 in the 
presence of 7.40 g (132 mmol) of potassium hydroxide. The 

30 reaction mixture was left to cool and v/as poured into 250 ml of 
semi-concentrated sodium chloride solution. The mixture was 
extracted three times with diethyl ether, the combined extracts 
were washed once with saturated sodium chloride solution, dried 
over sodium sulphate, filtered and evaporated. The crude product 

35 was dissolved in 100 ml of methanol and treated with 2.6 g 
(22.4 mmol) of fumaric acid. The separated crystals were re- 
crystallized from a total of 340 ml of methanol. 3.8 g (49%) of 
2-(4,5-dihydro-8-methoxy-1 H-benz[g]indol-1 -yl)-ethylamine 
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fumarate (1:1) were obtained as yellowish crystals with m.p. 
183-1850. 

Fxamole 60 

5 

a) 8.85 g (49.0 mmol) of 8-chloro-1 -tetralone were dissolved 
in 90 ml of tetrachloromethane under argon and added to 21 .0 ml 
(245 mmol) of 3-buten-2-ol and 190 mg of p-toluenesulphonic 
acid. The reaction solution was heated to reflux on a water 

10 separator for 9 days. The solvent was removed in a vacuum and 
the residue was chromatographed on 200 g of silica gel firstly 
with^^'itV^xane/ethyl acetate 9:1 and then with hexane/ethyl acetate 
4:1. In addition to large amounts of unreacted educt (8.3 g) there 
were obtained 4.1 g (35%) of 2-(2-buten-1-yl)-8-chloro-1- 

15 tetralone as a yellow oil. 

b) 7.7 g (32.8 mmol) of 2-(2-buten-1 -yl)-8-chloro-1 -tetra- 
lone were dissolved in a mixture of 220 ml of dichloromethane 
and 60 ml of methanol, cooled to -75° and the double bond was 

20 ozonized in the usual manner. After flushing the reaction mixture 
with oxygen and argon 4.8 ml (65. S mmol) of dimethyl sulphide 
were added dropwise. The mixture was left to warm slowly to 
room temperature and was stirred for a further 15 hours. The 
crude product (10.8g) was dissolved in about 100 ml of di- 

ffi chloromethane and added to a mixture of 12 ml of 10% aqueous 
oxalic acid. 120g of silica gel and 300 ml of dichloromethane. 
The mixture was stirred at room temperature for 2 hours. 6.4 g 
(83%) of 8-chloro-2-(2-oxoethyl)-1 -tetralone were obtained as a 
pale brown oil by extraction with dichloromethane. 

30 

c) 325 mg (1.46 mmol) of 8-chloro-2-(2-oxoethyl)-1 -tetra-. 
lone and 290 mg (2.84 mmol) of N-acetylethylenediamine were 
heated to reflux in 14 ml of acetic acid under argon for 1 hour. 
The solvent was removed in a vacuum and the residue was taken 

35 up in 10 ml of water and extracted several times with ethyl 

acetate. Chromatography on 20 g of silica gel with hexane/ethyl 
acetate 1:1 and then with ethyl acetate gave 190 mg (45^) of N- 
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[2-(9-chloro-4.5-dihydro-lH-benz[g]indol-1-yl)ethyl]-acetamide 
as yellowish crystals with m.p. 146-1470. 

d) 155g (5.3mmol) of N-[2-(9-chloro-4.5-dihydro-1 H- 
benz[glindol-1-yl)ethyl]-acetamide were heated to 140° for 21 
hours under argon in 23 ml of ethylene glycol/water 2:1 m the 
presence of 1.80 g (32.1 mmol) of potassium hydroxide. The 
reaction mixture was left to cool and was poured into 60 ml of 
semi-concentrated sodium chloride solution. The mixture was 
extracted three times with diethyl ether, the combined extracts 
were washed once with saturated sodium chloride solution, dned 
over sodibm siilphate. filtered and evaporated. The crude product 
was dissolved in 10 ml of methanol and treated with 0.62 g 
(5.3 mmol) of fumaric acid. The separated crystals were re 
crystallized from a total of 20 ml of methanol. 1.26 g (65 /o) of 
2-(9-chloro-4.5-dihydro-1H-benz[glindol-1-yl)-ethylamine 

fumarate were obtained as yellowish crystals with m.p. 181- 

183°. 

f^f^mplft 61 

180g (6.2 mmol) of N-[6-chloro-2-(4.5-dihydro-1 H-benz- 
[g]indol-1-yl)ethyll-acetamide were heated to 140o-for 20 hours 
under argon in 17 ml of ethylene glycol/water 12:5 in the 
presence of 0.9 g (16.1 mmol) of potassium hydroxide. The 
mixture was left to cool and was treated with 140 ml of semi- 
saturated sodium chloride solution. The mixture was extracted 
three times with diethyl ether, the combined extracts were 
washed once with saturated sodium chloride solution, dried over 

" sodium sulphate, filtered and evaporated. The brown oil was 
chromatographed on 50 g of silica gel with dichloromethane/ 
methanol (19:1. then 9:1). The crude product was dissolved in 
7 ml of diethyl ether and 0.98 g (8.4 mmol) of fumaric acid was 
added. The solvent was removed in a vacuum and the residue was 

; recrystallized from 50 ml of chloroform/ethanol 4:1. 1.41 g 
(62%) of 2-(6-chloro-4.5-dihydro-lH-benz[glindol-1-yl)-ethyl- 

amine fumarate (1:1) with m.p. 187-1880 were obtained. 
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0.5 g (1.7mmoI) of N-[7-chloro-2-(4,5-dihydro-1 H- 
benz[g]indol-1-yl)ethyl]-acetamide was heated. to 140° for 
5 22 hours under argon in 4.5 ml of ethylene glycol/water 2:1 in 
the presence of 0.25 g (4.5 mmol) of potassium hydroxide. The 
mixture was left to cool and was treated with 40 ml of water 
and 10 ml of saturated sodium chloride solution. The mixture 
was extracted three times with diethyl ether, the combined 

10 extracjts were washed once with saturated sodium chloride 

solution; dried :o^ sodium sulphate, filtered and evaporated. The 
crude product was dissolved in 30 ml of diethyl ether and added 
dropwise to a suspension of 208 mg (1.79 mmol) of fumaric acid 
in 30 ml of diethyl ether. The solvent was removed in a vacuum 

s and the residue was recrystallized from 75 ml of ethanol/ethyl 
acetate 3:2. 355 mg (58%) -of 2-(7-chloro-4.5-dihydro-1 H-benz- 
[g]indol-1-yl)-ethylamine fumarate (1:1) with m.p. 176-177° 
were obtained as white crystals. 

Example fi.q 

1.0 g (3.4 mmol) g of N-[8-chloro-2-(4,5-dihydro-1 H- 
benz[g]indo!-1-yl)ethyl]-acetamide was heated to 140° for 
24 hours under argon in 7.5 ml of ethylene glycol/water 2:1 in 
the presence_of 0.50 g (8.9 mmol) of potassium hydroxide. The 
mixture was left to cool and was poured into 75 ml of ice-water. 
After the addition of 25 ml of saturated sodium chloride solution 
the mixture was extracted three times with diethyl ether, the 
combined extracts were washed once with saturated sodium 
chloride solution, dried over sodium sulphate, filtered and 
evaporated. The crude product was dissolved in 20 ml of diethyl 
ether and added dropwise to a suspension "of 406 mg (3.5 mmol) 
of fumaric acid in 80 ml of diethyl ether. The solvent was 
removed in a vacuum and the residue was recrystallized from 
90 ml of ethanol/ethyl acetate 5:4. 556 mg (45%) of 2-(8- 

chloro-4.5-dihydro-1H-benz[g]indol-1-yl)-ethylamine fumarate 
(1:1) with m.p. 179-180° were obtained as white crystals. 
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a) A solution of 23.9 g (0.145 mol) of 4-thiochromanone, 
30 ml (0.35 mol) of 3-buten-2-ol and 240 mg of p-toluene- 
sulphonic acid in 30 ml of 2,2-dimethoxypropane and 240 ml of 
anhydrous toluene was boiled under reflux for 20 hours. The 
reaction mixture was subsequently concentrated in a vacuum and 
purified by column chromatography on silica gel (hexane/diethyl 
ether 5:1). 15.3 g (48%) of (RS)-2-(2-buten-1 -yl)-4-thiochrom- 
anone were obtained as a yellow oil. 

b) An ozorie stream (3 g ozone/hour) was conducted while 
stirring for 15 minutes through a solution, cooled to -70^, of 3 g 
(13.7 mmol) of (RS)-2-(2-buten-1 -yl)-4-thiochromanone in 

100 ml of anhydrous dichloromethane and 30 ml of anhydrous 
methanol. Subsequently, the solution was flushed with oxygen for 
5 minutes and with argon for 10 minutes. After the addition of 
2 ml (20.5 mol) of dimethyl sulphide the mixture was stirred at 
room temperature for 16 hours. The reaction mixture was sub- 
sequently evaporated in a vacuum, the residue was treated with 
50 ml of dichloromethane and. after the addition of 5 ml of 
water and 5 ml of trifluoroacetic acid, stirred at room temper- 
ature for 1 hour. The mixture was subsequently poured into 
50 ml of water and neutralized by the spatula-wise addition of 
sodium hydrogen carbonate while stirring. A further 50 ml of 
water were added, the phases were separated and the aqueous 
phase was extracted twice with SOml of dichloromethane- each 
time. The combined organic phases were dried over magnesium 
sulphate and concentrated in^-a vacuum. There were obtained 

2.8 g (99%) of 2-(2-oxoethyl)-4-thiochromanone as a yellow oil 
which was used in the next reaction without further recrystal- 
lization. 

c) A solution of 2 g (9.7 mmol) of 2-(2-oxoethyl)-4-thio- 
chromanone and 120mg of p-toluenesulphonic acid in 100 ml of 
anhydrous toluene was heated on a water separator. A solution of 

2.9 g (38.6 mmol) of (RS)-1 -amino-2-propanol in 20 ml of 
anhydrous toluene was added dropwise to the boiling solution 
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over a period of 5 minutes. Subsequently, the mixture was boiled 
for a further 35 minutes, during which the s-'vent was reduced 
to a volume of 20 ml. The cooled reaction mixture was purified 
by column chromatography on silica gel (ethyl acetate/toluene 
5 1:1). There were obtained 1.8 g (76%) of (RS)-I-(1 .4-dihydro- 
[1]benzothiopyrano[4.3-b]pyrrol-1-y|)-propan-2-oi as a pale 
brown solid which was used in the next reaction without further 
recrystallization. 

) d) 1^,5 ml {14.7 mmo\) of methanesulphonyl "chloride were 
added dropwise' while stirring to a solution, cooled to Qo of 1 8 g 
(7.3mmol) of (RS)-I-(1 ,4-dihydro-(1]ben2othiopyrano[4 3-bl- 
pyrrol-1-yl)-propan-2-ol and 4.1ml (29.3 mmol) of triethyl- 
am.ne m 50 ml of anhydrous dichloromethane and the mixture 
was stirred at this temperature for a further 1.5 hours. The 
reaction mixture was subsequently diluted with 180 ml of 
diethyl ether, washed twice with 70 ml of saturated sodium 
hydrogen carbonate solution each time and the combined aqueous 
phases were extracted once with 70 ml ot diethyl ether The 
combined organic phases were washed with 140 ml of saturated 
sodium chloride solution, dried over magnesium sulphate and " 
evaporated m a vacuum. The brown oil obtained was dissolved in 
50 ml of anhydrous dimethylformamide. treated with 0 96 g 
(14^7 mmc!) of sodium azide and the reaction mixture was heated 
to 60O while stirring for 17 hours. After cooling the solution was 
poured into 100 ml of water and extracted twice with 120 ml of 
diethyl ether each time. The combined organic phases were 
washed once with 100 ml of water and once with 100 ml of 
saturated sodium chloride solution, dried over magnesium 
su.pnate and the sciution was concentrated in a vacuum The 
brown oil obtained was purified. by column chromatography on 
silica gel (toluene). 1.17 g (59%) of (RS)-1-(2-azido-propyl)- 

1.4-dihydro-f1]ben2othiopyrano[4.3-b]pyrrole were obtained as a 
light yellow oil. 

mK ''^l^ (4.3 mmol) of (RS)- 1 ,2-azido-propyl)-1 .4-dihydro- 
[1]benzoth.opyrano[4.3-b]pyrrole dissolved in 30 ml of anhydrous 
tetrahydrofuran were added dropwise while stirring to a sus- 
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pension of 247 mg (6.49 mmol) of lithium aluminium hydride in 
30 ml of anhydrous tetrahydrofuran. The mixture was subse- 
quently boiled under reflux for 2 hours. Hydrolysis was effected 
with 20% aqueous tetrahydrofuran. The liquid phase was sepa- 
5 rated and the residue was boiled with 50 ml of 20% aqueous 

tetrahydrofuran for a further 15 minutes. The combined solutions 
were treated with 100 ml of diethyl ether, the organic phase was 
separated and the aqueous phase was extracted twice with 50 ml 
Qf diethyl ether each time. The combined organic phases were 

ID washed with 100 ml of saturated sodium chloride solution, dried 
ov^r magrj^esium sulphate and concentrated in a vacuum. There 
were obtairled 970 mg (92%) of a colourless oil which was 
dissolved in 100 ml of anhydrous diethyl ether, filtered and 
treated while stirring virh a solution of 461 mg (3.97 mmol) of 

15 fumaric acid in 20 ml jf methanol. The mixture was stirred at 
room temperature for 3 hours and the light yellow crystals were 
subsequently filtered off. 1 .2 g (77%) of {RS)-1 -(1 ,4-dihydro- 
[1 ]benzothiopyrano[4,3-b]pyrrol-1 -yl)-1 -methyl-ethylamine 
fumarate (1:1) with m.p. 201^ were obtained. 

20 

Example 65 

a) A solution of 29.5 g (0.22 mol) of 1-indanone, 73.5 ml 
(O.o5 mol) 3-buten-2-ol, 77.0 ml (0.63 mol) of 2,2-dimeth- 

25 oxypropane and 400 mg of p-toluenesulphonic acid in 400 ml of 
toluene was boiled under reflux for 24 hours. After cooling the 
solution was washed with 100 ml of saturated sodium hydrogen 
carbonate solution. The aqueous washing was extracted with 
150 ml of ethyl acetate and the organic phases were combined, 

30 dried with magnesium sulphate and evaporated in a vacuum. 
Purification on silica gel (hexane/diethyl ether 7:1) yielded 
19.8 g (48%) of (RS)-2-(2-buten-1-yl)-1-indanone as a pale 
yellow oil. 

35 b) Ozone (3 g ozone/hour) was conducted while stirring for 
120 minutes through a solution, cooled to -70^, of 19.8g 
(0.11 mol) of (RS)-2-(2-buten-1-yl)-1-indanone in 700 ml of 
anhydrous dichloromethane and 200 ml of anhydrous methanol. 
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Subsequently, the solution was flushed with oxygen and then 
11.0 ml (0.15 mo!) of dimethyl sulphide were added to the cold 
solution. The solution came to room temperature overnight and 
was evaporated in a vacuum. The residue was purified on silica 
gel (ethyl acetate). 10.1 g (43%) of (RS)-2-(2,2-dimethoxy- 
ethyl)-1-indanone were obtained as a yellow oil. 

C) A solution of 1.7 g (7.7 mmol) of (RS)-2-(2.2-dimethoxy- 
ethyl)-1-indanone, 25 g (0.25 mol) of N-acetylethylenediamine 
and 30, ml of trifluoroacetic acid in 500 ml of ethanol was 
boiled tinder ^eflux for 96 hours. After cooling and adding 21 .5 g 
of sodium hydr'q/idfe' '^^m 100 ml of water the mixture was evapor- 
ated to about 100 ml. The mixture was treated with 200 ml of 
ethyl acetate and washed in succession with 100 ml of saturated 
sodium chloride solution, IN hydrochloric acid (4 x 100 ml). 2N 
sodium hydroxide solution (4 x 100 ml) and 100 ml of water. 
The aqueous washings were extracted with 100 ml of ethyl 
acetate and the organic phases were combined, dried with 
magnesium sulphate and evaporated in a vacuum. The residue was 
purified on basic aluminium oxide (III. dichloromethane) and then 
on silica gel (ethyl acetate). 0.4 g (22%) of N-(2-(1 .4-dihydro- 
indeno[1 .2-b]pyrrol-1-yl)-ethyl]-acetamide was obtained as a 
colourless solid. 

d) 385 mg (1.6 mmol) of N-[2-(1 .4-dihydro-indeno[1 .2-b]- 
pyrrol-1-yl)-ethyl]-acetamide were heated to 140° for 22 hours 
under argon in 6 ml of ethylene glycol/water 2:1 in the presence 
of 540 mg (9.6 mmol) ofpotassium hydroxide. The mixture was 
left to cool and was treated with 20 ml of semi-saturated 
sodium chloride solution. The mixture was extracted three times 
with diethyl ether and the combined extracts were dried oyer 
sodium sulphate, filtered and evaporated. The brown oil was 
dissolved in 5 ml of methanol and treated with 185 mg 
(1.59 mmol) of fumaric acid, whereby pale brown crystals 
separated. These were dissolved in 50 ml of warn methanol. 
After cooling to room temperature the product was crystallized 
by the slow addition of 50 ml of diethyl ethc-. The product 
obtained was heated in 15 ml of tert.-butyl methyl ether for 1 
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hour, filtered off under suction and dried in a vacuum. 220 mg 
(53%) of 2-(1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-ethylamine 
fumarate with m.p. 201-202O were obtained. 

5 Example 66 

a) A solution of 29.6 g (0.20 mol) of benzosuberone and 
60.9 ml (0.80 mol) of N,N-dimethylhydrazine in 150 ml of 
anhydrous ethanol was boiled under reflux for 3 days. Ethanol and 

10 excess N,N-dimethylhydrazine were removed in a vacuum and the 
residue , was take^ up in dichloromethane and dried with mag- 
nesium sulphate. ' Distillation over a 10 cm Vigreaux column 
yielded 32.9 g (83%) of benzosuberone N\N'-dimethylhydrazone 
as a yellow oil. B.p.: 78-81OC/0.2 mbar. 

15 

b) A solution of 33.6 g (0.17 mol) of benzosuberone N\N'- 
dimethylhydrazone and 29.9 ml (0.20 mol) of N.N.N'.N-tetra- 
methylethylenediamine in 400 ml of absolute tetrahydrofuran 
was cooled to -70^ under argon and 106 ml of a 1.6 M solution of 

20 n-butyllithiom in hexane was added dropwise within 15 minutes. 
The mixture was then stirred at -70^ for 30 minutes, left to 
warm to -30o and treated dropwise at this temperature with 
23.4 ml (0.20 mol) of bromoacetaldehyde dimethyl acetal. After 
stirring at -30^ for 1.5 hours the mixture was left to warm to 

25 room temperature overnight and the solution was treated with 
500 ml of water. The rriixture was extracted with ethyl acetate 
(1 X 500. 2 X 100 ml) and the organic phases were combined, 
dried with magnesium sulphate and evaporated in a vacuum. After 
column chromatography on silica gel (hexane/ethyl acetate 10:1- 

30 3:1) 37.7 g (78%) of (RS)-2-(2.2-dimethoxyethyl)-benzosuberone 
N',N'-dimethylhydrazone were obtained as an orange-yellow oil. 

c) A suspension of 37.7 g (0.13 mol) of (RS)-2-(2.2-dimeth- 
oxyethyl)-benzosuberone N'.N'-dimethylhydrazone. 30.2 g 

35 (0.37 mol) of sodium acetate and 78.8 g (0.37 mol) of sodium 
periodate in 2000 ml of tetrahydrofuran was treated with 
300 ml of acetic acid and stirred at 50^ overnight. The mixture 
was cooled, poured into 300 ml of water and extracted with 
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dichloromethane (1 x 3000. 2 x 1000 ml). The organic phases 
were combined, dried with magnesium sulphate and concentrated 
in a vacuum. Column chromatography on silica gel (hexane/ethyl 
acetate 2:1) yielded 8.2 g (25%) of (RS)-2-(2.2-dimethoxyethyl)- 
5 benzosuberone as a red oil in addition to 9.7 g (26%) of starting 
material. 

d) 8.2 g of (RS)-2-(2.2-dimethoxyethyl)-benzosuberone were 
chromatographed over a column of oxalic acid solution adsorbed 

10 on silica gel (180 g of silica gel/20 ml of 10% oxalic acid 
solution):v.:i2g (^0%) of (RS)-2-(2-oxoethyl)-benzosuberone 
were obtained as a red oil. 

e) A solution of 6.2 g (30 mmol) of" (RS)-2-(2-oxoethyl)- 

15 benzosuberone and 3.3 g (32 mmol) of N-acetylethylenediamme 
in 50 ml of anhydrous dichloromethane was treated with 50 g of 
molecular sieve 4A and boiled under reflux overnight. After cool- 
ing the mixture was filtered over Celite. evaporated in a vacuum 
and the residue was recrystallized from hexane/ethyl acetate 2:1. 

2D 4.0 g (50%) of N-[2-(1.4.5.6-tetrahydro-benzo[6,7]cyclohepta- 
[1.2-b]pyrroi-l-yl)-ethyl]-acetamide were obtained as a colour- 
less solid. 

f) 1.80 g (6.7 mmol) of N-[2-(1 .4,5.6-tetrahydro-benzo[6.7]- 
s cyclohepta[1.2-b]pyrrol-1-yl)-ethyl]-acetamide were heated to 

140° for 24 hours under argon in 18 ml of ethylene glycol/water 
2:1 in the presence of 1-Og (17.8 mmol) of potassium hydroxide: 
The reaction mixture was left to cool and was poured into 
140 ml of semi-coneentrated sodium chloride solution. The mix- 

30 ture was extracted three times with diethyl ether and the 
combined extracts were washed once with saturated sodium 
chloride solution, dried over sodium sulphate, filtered and evap- 
orated. The thus-obtained oil was chromatographed on 60 g of 
silica gel with methylene chloride/methanol 19:1. The crude 

35 product was dissolved in 5 ml of diethyl ether and treated with 
505 mg (4.35 mmol) of fumaric acid in 10 ml of diethyl ether. 
The crystals were filtered off and recrystallized from 50 ml of 
ethyl acetate/ethanol 2:1. 1.65 g (72%) of 2-(1 .4.5.6-tetra- 
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hydro-benzo[6,7]cyclohepta[1 ,2-b]pyrrol-1 -yl)-ethylamine 
fumarate (1:1) were obtained as white crystals with m.p. 175- 
1760. 

5 Example 67 

a) A solution of 26.4 g (0.16 mol) of 7-methoxy-1 -indanone, 
33.6 ml (0.39 mol) of 3-buten-2-ol and 265 mg of p-toluene- 
sulphonic acid in 33.6 ml of 2,2-dimethoxypropane and 265 ml of 

10 anhydrous toluene was boiled under reflux for 17 hours. The 

reaction mixture was subsequently concentrated in a vacuum and 
purified by column chromatography on silica gel (hexane/diethyl 
eXher>^^-^) - '^^ Q (28%) of (RS)-2-(2-buten-1-yl)-7-methoxy-1- 
indanone were obtained as a yellow oil. 

15 

b) An ozone stream (3 g ozone/hour) was conducted while 
stirring for 45 minutes through a solution, cooled to -70°, of 
9.9 g (45.8 mmol) of (RS)-2-(2-buten-1-yl)-7-methoxy-1- 
indanone in 200 ml of anhydrous dichloromethane and 100 ml of 

20 anhydrous methanol. Subsequently, the solution was flushed with 
oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 5 ml (67.7 mmol) of dimethyl sulphide the mixture 
was stirred at room temperature for 16 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 

25 with 200 ml of dichloromethane and, after the addition of 20 ml 
of water and 20 ml of trifluoroacetic acid, stirred at room temp- 
erature for 3 hours. The mixture was subsequently poured into 
100 ml of water and neutralized by the spatula-wise addition of 
sodium hydrogen carbonate while stirring. A -further 100 ml of 

30 water were added, the phases were separated and the aqueous 
phase was extracted twice with 150 ml of dichloromethane each 
time. The combined organic phases were dried over magnesium 
sulphate, concentrated in a vacuum and the crude product obtained 
was cystallized from ethyJ acetate/hexane. 6.6 g (71%) of (RS)- 

35 2-(2-oxoethyl)-7-methoxy-1 -indanone were obtained as a white 
solid with m.p. 102°. 
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c) A solution of 2.04 g (10 mmol) of (RS)-2-(2-oxoethyl)-7- 
methoxy-1-indanone and 80 mg of p-toluenesulphonic acid in 
90 ml of anhydrous toluene was heated on a water separator. A 
solution of 3.0 g (40 mmol) of (RS)-1-amino-2-propanol in 

20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 35 minutes, during which the solvent 
was reduced to a volume of 25 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 2:3). There was obtained 1.1 g (45%) of (RS)-1- 
(8-rfiethoxy-1 ,4-dihydro-indeno[1 .2-b]pyrrol-1 -yl)-propan-2-ol 
as a brpwA oil vyhich was used directly in the next reaction. 

d) 0.7 ml (9.0 mmol) of methanesulphonyl chloride was added 
dropwise while stirring to a solution, cooled to 0°, of 1.1 g 

(4.5 mmol) of (RS)-1 -(8-methoxy-1 .4-dihydro-indeno[1 .2- 
b]pyr>ol-1-yl)-propan-2-ol and 2.5 ml (18.0 mmol) of triethyl- 
amine in 25 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of diethyl ether, washed 
twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 140 ml of diethyl ether. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The brown oil obtained was dissolved in 40 ml of 
anhydrous dimethylformamide, treated with 526 mg (8.1 mmol) 
of sodium azide and the reaction mixture was heated to 60° while 
stirring for 29 hours. After cooling the solution was poured into 
140 ml of water and extracted twice with 140 ml of diethyl 
ether each time. The combined organic phases were washed once 
with 140 ml of water and once with 140 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was 
purified by column chromatography on silica gel (toluene). 0.68 g 
(56%) of (RS)-1-(2-azido-propyl)-8-methoxy-1 .4-dihydro- 
indeno[1 ,2-b]-pyrrole was obtained as a colourless oil. 
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e) 0 67 9 (2.5 mmol) of (RS)-1-(2-azido-propyl)-8-methoxy- 
l'4.dihydro indenot1,2.b]-pyrrole dissolved in 25 m. of anhyd- 
ous ethanol was hydrogenated on 67 mg of platmum ox,de for 5 
Zrs The catalyst was subsequently filtered off. rinsed w,tf, 

. emanol and the solvent was drawn off in a vacuurn. The cotour- 
Tess oi' Obtained was dissolved in 70 ml of anhydrous diethyl 
ether filtered and treated while stirring w,th a solution of 
273 mg (2.35 mmol) of fumaric acid in 10 ml of methano^. The 
ILZ was stirred at room temperature for 22 hours and the 

0 : ".als were subsequently fil.ered o«. 559 mg (74./ ) of 
rRS)-2-(8-methoxy-1 ,4-dihydro-indeno[1 -Z-blPyrrol-l-yD-l- 

v"'' f V ; ,, n>;> with mo. 193° were obtained. 

mettiy'-ethylarTiine fumarate (1.0.5) wnn m.p. 

a) A solution of 23.3 g (0.105 mol) of (RS)-3-phenyl-1-tetra- 
fone 21 .6 ml (0.25 mol) of 3-buten-2-ol and 230 mg of p- 

■ J i„ oi K ml of 2 2-dimethoxypropane and 
toluenesulphonic acid in -21.6 ml oi oimei ,h f 

230 ml of anhydrous toluene was boiled under reflux or 30 
. hours. The reaction mixture was subsequently concentrated in a 

vacuum and purified by column 

(hexane/diethyl ether 4:1). 11.8 g (41%) °' f f f f 
buten-1-yl)-3-phenyl-1-tetralone were, obtained as a rid oil. 

^ b) An ozone stream (3 g ozone/hour) was conducted while 
stirring for 40 minutes through a solution, cooled to -70 of 

Tg °42.7mmol) of (2RS/3RS)-2-(2-bu,en-1 -yl)-3-phenyl-1. 
tetralone in 300 ml of anhydrous dichloromethane and 100 ml of 
an ydrous m"ethanol. Subsequently, the solution was fished w„h 
30 oxygen for 5 minutes and with argon for 10 minutes_ After the 

ad*tt,n of 4.45 ml (60.8 mmol) of dimethyl sulphide the 
- mixture was stirred for 17 hours at room temperature. The 
reaction mixture was evaporated in a vacuum and 
treated with 300 ml of dichloromethane and. after the addition 
3. Of 0 m, of water and 30 m, of trifluoroacetic acid sti.ed a, 
room temperature for 2 hours. The mixture was -^-^-^^ 
poured into 100 ml of water and neutralized by the spatula w^e 
addition of sodium hydrogen carbonate while stirnng. A further 
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methane each time. The comhin J ° °' '"chloro- 

-agnes,„m sulphate, concrn^a :d Vf"" "'"^^^ "^^^ ''''^ over 
» product Obtained was purified l^^". '"^ =^"<'« 

9e- (toiuene/ethy, acetate "^j ^'^nTse'^;""'''''^"''''^ °" 
o^oe.h.,-3.phen...te..a,one U'^l^,'^' ^ 

c). A solution of 2 o ^7 c rv, 
0 3-pheny,.,.,e„a,one and olgT V.l/^"^''"^'-^-'^-°--»'yO- 

70,'"^of anhydrous toluene was heated on ^'='<^ 
so.u. on.. :9f 2,,8 g (39.0 n,n,o,' oTtmT^ t """^ '^^"^^'"^ 
20 ml Of anhydrous toluene was aLr, L "°"^"P''°Pa"o' 
solution over a period o, S mTnutes sub"'"'" ""'""^ 
"-as boiled for a further 30 minutes -"'x'ore 
was reduced to a volume of ^s T'T'"^ """^^ '"^ ^°'v«"' 
was purified by column ^hromatror.nl '"'"'"re 
acetate/toluene 1 :9) There w! ? " °" ^'"^ 9^1 (ethyl 

Propan-2-ol as a brown oil whfch "^J ' ""f9''"^°'-'-yO- 
reaclion- "as used directly in the next 

benzfejindolo-ylj-propanlaofl^d T'^ ;''''''°-'-''''^"^'-'-H- 
•nethylamine in 30 ml of dicLroL h "3-6 mmol) of 

s-ed at this temperaturetr ar, ' 

mixture was subsequently diluLd 1 .t '^^^ reaction 

' washed twice with 70 m 'of l^trat^d !° 

ate solution each time and the combrn J ^-^"o"" 
extracted once with ,30 ml of dXre,h''""°"' """^"^ 
organic phases were washed w' h 1I l,"', ^°"''>'"-<^ 
Chloride solution, dried over maon», °' '^'"'^'^'^ sodium 

■n a vacuum. The brown o , ob,^:""'" '"'"'^'^ evaporated 
anhydrous cfimethylformamide ^a!^ k*""'"^" ml of 

sodium a.ide and the reactio ' m Ltu^e " , ' ' ' "f 
sfmng for 6 hours. After cooling " t rut^on'"^ '° '"^ """^ 

solution was poured into 
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140 ml of water and extracted twice with 140 ml of diethyl 
ether each time. The combined organic phases were washed once 
with 100 ml of water and once with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was purif- 
ied by column chromatography on silica gel (toluene). 473 mg 
(42%) of (2RS/4RS)-1-(2-azido-propyl)-4,5-dihydro-4-phenyl- 
1H-benz[g]indole were obtained as a colourless oil. 

e) 473 mg (1.44 mmol) of (2RS/4RS)-1 -(2-a2ido-propyl)- 
4.5-dihydro4:-feheny.l:1H-benz[g]indole dissolved in 20 ml of 
anhydrous ethanpr were hydrogenated on 50 mg of platinum oxide 
for 5 hours. The catalyst was subsequently filtered off. rinsed 
with ethanol and the solvent was drawn off in a vacuum. The 
colourless oil obtained was dissolved in 40 ml of anhydrous 
diethyl ether, filtered and treated while stirring with a solution 
of 148 mg (1.28 mmol) of fumaric acid in 5 ml of methanol. The 
mixture was stirred at room temperature for 7 hours and the 
white crystals were subsequently filtered off. 446 mg (74%) of 
20 (2RS/4RS)-2-(4.5-dihydro-4-phenyl-lH-benz[g]indol-1-yl)-1- 
methyl-ethylamine fumarate (1:1) with m.p. 187° were obtained. 

Eiyampie 69 

25 a) A solution of 20 g (96 mmol) of (RS)-3-phenyl-1-indanone. 
20 ml (0.23 mol) of 3-b<Jten-2-ol and 200 mg of p-toluene- 
sulphonic acid in 20 ml of 2.2-dimethoxypropane_ and 200 ml of 
anhydrous toluene was boiled under reflux for 22 hours. The 
reaction mixture was subsequently concentrated in a vacuum and 

30 purified by column chromatography on silica gel (hexane/ethyl 
acetate 5:1). 10 g (40%) of "(2RS/3RS)-2-(2-buten-1 -yl)-3- 
phenyl-1-indanone were obtained as a yellow oil. 

b) An ozone stream (3 g ozone/hour) was conducted while 
35 stirring for 40 minutes through a solution, cooled to -70° , of 
10 g (38.1 mmol) of (2RS/3RS)-2-(2-buten-1 -yl)-3-phenyl-1 - 
indanone in 200 ml of anhydrous dichloromethane and 70 ml of 
anhydrous methanol. Subsequently, the solution was flushed was 
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oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 4.3 ml (58.2 mmol) of dimethyl sulphide the mixture 
was stirred at room temperature for 16 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 150 ml of dichloromethane and, after the addition of 20 ml 
of water and 20 ml of trifluoroacetic acid, stirred at room 
temperature for 1 hour. The mixture was subsequently poured 
into too ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
100 ml of y^rater were added, the phases were separated and the 
aqueous ph^se w^as: extracted twice with 150 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate and concentrated in a vacuum. There were 
obtained 9.5 g (99%) of (2RS/3RS)-2-(2-oxoethyl)-3-phenyl-1 - 
indanone as an oil which was used in the next reaction without 
further purification. 

c) A solution of 3.0 g- (12 mmol) of (2RS/3RS)-2-(2-oxo- 
ethyl)-3-phenyl-1 -indanone and 100 mg of p-toluenesulphonic 
acid in 100 ml of anhydrous toluene was heated on a water 
separator. A solution of 3.6 g (48 mmol) of (RS)-1-amino-2- 
propanol in 20 ml of anhydrous toluene was added dropwise to 
the boiling solution over a period of 5 minutes. Subsequently, the 
mixture was boiled for a further 35 minutes, during which the 
solvent was reduced to a volume of- 25 ml. The copied reaction 
mixture was purified by column chromatography on silica gel 
(ethyl acetate/toluene 1:1). There were obtained 2.4 g (69%) of 
(2RS/4RS)-1 -(4-phenyl-1 .4-di hydro- indeno[1 ,2-b]pyrrol-1 -yl)- 
propan-2-ol as an oil which was used directly in the next 
reaction. 

d) 1.24 ml (15.9 mmol) of methanesulphonyl chloride were 
added dropwise while stirring to a solution, cooled to 0°. of 2.3 g 
(7.9 mmol) of (2RS/4RS)-1 -(4-phenyl-1 ,4-dihydro-indeno[1 .2- 
b]pyrrol-1-yl)-propan-2-ol and 4.46 ml (31.8 mmol) of triethyl- 
amine in 60 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of diethyl ether, washed 
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twice with 70 ml of saturated sodium hydrogen carbonate 
solution each time and the combined aqueous phases were 
extracted once with 140 ml of diethyl ether. The combined 
organic phases were washed with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
m a vacuum. The brown oil obtained was dissolved in 60 ml of 
anhydrous dimethylformamide. treated with 884 mg (13 6 mmol) 
of sodium azide and the reaction mixture was heated to 60° while 
st.rnng for 16 hours. After cooling the solution was poured into 
140 ml or . W^^^^ extracted twice with 140 ml of diethyl 

ether each time.. The combined organic phases were washed once 
with 140 ml of water and with 140 ml of saturated sodium 
chloride solution, dried over magnesium sulphaje and the solution 
was concentrated in a vacuum. The brown oil obtained was purif- 
ied by column chromatography on silica gel (toluene) l 22 a 

(49%) of (2RS/4RS)-1-(2-azido-propyl)-4-phenyl-1.4-dihydro- 
indeno[1 .2-b]-pyrrole were obtained as a light brown oil. 

e) 1.2 g (3.8 mmol) of (2RS/4RS)-1 -(2-azido-propyl)-4- 
. Phenyl-l.4-dihydro-indenof1.2-b]-pyrrole dissolved in 50 ml of 
anhydrous ethanol were hydrogenated on 120 mg of platinum 
ox.de for 5 hours. The catalyst was subsequently filtered off 
nnsed with ethanol and the solvent was drawn off in a vacuum 
The colourless oil obtained was dissolved in 100 ml of anhydrous 
d ethyl ether, filtered and treated while stirring with a solution 
of 480 mg (4.13 mmol) of fumaric acid in 20 ml of methanol 
The mixture was stirred at room temperature for 16 hours and 
the crystals were subsequently filtered off. -F.04 g (65%) of 

(2RS/4RS)-2-(4-phenyM .4-dihydro-indeno[1 .2-b]pvrrol-:| -yl) 
1-methyl-ethylamine fumarate (1:0.86) with m.p. 1910 were 
obtained. 

Example Jq 

a) 13.7 g (77.0 mmol) of 8-methoxy-1 -tetralone were 
dissolved in 140 ml of toluene under argon and added to 13 3 ml 
(155 mmol) of 3-buten-2-ol. 14.2 ml (116 mmol) of 2 2-di- 
methoxypropane and 300 mg of p-toluenesulphonic acid Vhe 
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reaction solution was heated to reflux for 90 hrs. The solvent 
was removed in a vacuum and the residue was chromatographed on 
500 g of silica gel firstly with hexane/ethyl acetate 9:1, then 
with hexane/ethyl acetate 4:1 and finally with hexane/ethyl 
acetate 1:1. In addition to large amounts of unreacted educt 
(8.3 g) there were obtained 3.95 g (22%) of 2-(2-buten-1-yl)-8- 
methoxy-1-tetralone as a yellow oil. 

t?) 11-4g (49.5 mmol) of 2-(2-buten-1 -yl)-8-methoxy-1 - 
tetralqiii ,.w^^^ .dissolved in a mixture of 340 ml of dichloro- 
methane* and 100 ml of methanol, cooled to -75° and the double 
bond was ozonized in the usual manner. After flushing the 
reaction mixture with oxygen and argon 7.2 ml (99.0 mmol) of 
dimethyl sulphide were added dropwise. The mixture was left to 
warm slowly to room temperature and was stirred for a further 
17 hrs. The solvent was removed in a vacuum and the residue was 
taken up in 200 ml of diethyl ether and washed with water. 
Drying with sodium sulphate, filtration and evaporation gave 
10.6 g of a mixture of dimethyl acetal and aldehyde. 7.0 g of 
this mixture were dissolved in 70 ml of methylene chloride and 
added to a mixture of 8.4 ml of 10% aqueous oxalic acid, 80 g of 
silica gel and 210 ml of dichloromethane. The mixture was 
stirred at room temperature for 2 hours. 5.6 g of 8-methoxy-2- 
(2-oxoethyl)-1-tetralone were obtained as a pale brown oil by 
extraction with dichloromethane/diethyl ether 9:1. 

c) 400 mg (1.8 mmol) of 8-methoxy-2-(2-oxoethyl)-1 - 
tetralone were heated to reflux for 15 minutes under argon with 
205 mg (2.0 mmol) of N-acetylethylenediamine in 8 rril of 
toluene. The solvent was removed in a vacuum and the residue 
was chromatographed on 40 g of silica gel with hexane/ethyl 
acetate 1 :1 and then with ethyl acetate. 280 mg (54%) of N-[2- 

(4,5-dihydro-9-methoxy-1H-benz[g]indol-1-yl)ethyl]-acetamide 
were obtained as yellowish crystals with m.p. 132-133°. 

d) 2.3 g (8.0 mmol) of N-[2-(4.5-dihydro-9-methoxy-1 H- 
benz[g]indol-1-yl)ethyl]-acetamide were heated to 140o for 16 
hours under argon in 23 ml of ethylene glycol/water 2:1 in the 
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presence of 2.70 g (48.2 mmol) of potassium hydroxide. The 
reaction mixture was left to cool and was poured into 200 ml of 
semi-concentrated sodium chloride solution. The mixture was 
extracted three times with diethyl ether and the combined 

5 extracts were washed once with saturated sodium chloride 

solution, dried over sodium sulphate, filtered and evaporated. The 
crude product was dissolved in 20 ml of methanol and treated 
with 0.93 g (8.0 mmol) of fumaric acid. The separated crystals 
were recrystallized from a total of 70 ml of methanol. 1 .76 g 

10 (61 %) of . ^-U^^^^^ H-benz[g]indol-1 -yl)- 

ethylamine fumaraite (i:1) were obtained as yellowish crystals 
with m.p. 184-1850. 

Example 71 

15 

a) A solution of 21.5 g (0.13 mol) of 4-methoxy-1 -indanone, 
27.4 ml (0.32 mol) of 3-buten-2-ol and 210 mg of p-toluene- 
sulphonic acid in 27.4 ml of 2,2-dimethoxypropane and 210 ml of 
anhydrous toluene was boiled under reflux for 16 hours. The 
20 reaction mixture was subsequently concentrated in a -vacuum and 
purified by column chromatography on silica gel (hexane/ethyl 
acetate 9:1). 6.42 g (23%) of (RS)-2-(2-buten-1 -yl)-4-methoxy- 
1 -indanone were obtained as a yellow oil. 

25 b) An ozone stream (3 g ozone/hour) was conducted while 
stirring for 35 minutes through a solution, cooled to -70^; of 
6.42 g (29.7 mmol) of {RS)-2-(2-buten-1 -yl)-4-methoxy-1 - 
indanone in 180 ml of anhydrous dichloromethane and 60 ml of 
anhydrous methanol. Subsequently, the solution was flushed with 

30 oxygen for 5 minutes and with argon for 10 minutes. After the 
addition of 3.3 ml (44.7 mmol) of. dimethyl sulphide the mixture 
was stirred at room temperature for 16 hours. The reaction 
mixture was evaporated in a vacuum, the residue was treated 
with 200 ml of dichloromethane and, after the addition of 20 ml 

35 of water and 20 ml of trifluoroacetic acid, stirred at room 
temperature for 2 hours. The mixture was subsequently poured 
into 100 ml of water and neutralized by the spatula-wise 
addition of sodium hydrogen carbonate while stirring. A further 
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100 ml of water were added, the phases were separated and the 
aqueous phase was extracted twice with 150 ml of dichloro- 
methane each time. The combined organic phases were dried over 
magnesium sulphate, concentrated in a vacuum and the crude 
product obtained was crystallized from ethyl acetate/hexane. 
5.1 g (84%) of (RS)-2-(2-oxoethyl)-4-methoxy-1-indanone were 
obtained as a white solid with m.p. 71°. 

c) A solution of 2.04 g (10 mmol) of (RS)-2-(2-oxoethyl)-4- 
methoxyrl-indanone and 80 mg of p-toluenesulphonic acid in 
90 ml of anhydrbus toluene was heated on a water separator. A 
solution of 3.13 g (41.7 mmol) of (RS)-1-amino-2-propanol in 
20 ml of anhydrous toluene was added dropwise to the boiling 
solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 35 minutes, during which the solvent 
was reduced to a volume of 25 ml. The cooled reaction mixture 
was purified by column chromatography on silica gel (ethyl 
acetate/toluene 1:4). There was obtained 0.7 g (29%) of (RS)-1- 
(5-methoxy-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-propan-2-ol 
as a brown oil which was used directly in the next reaction. 

d) 0.45 ml (5.77 mmol) of methanesulphonyl chloride was 
added dropwise while stirring to a solution, cooled to O^. of 0.7 g 
(2.9 mmol) of (RS)-1 -(5-methoxy-1 .4-dihydro-indeno[1 ,2- 
b]pyrrol-1-yl)-propan-2-ol and 1.6 ml (1 1 .5 mmol) . of triethyl- 
amine in 20 ml of dichloromethane and the mixture was stirred 
at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently diluted with 200 ml of diethyl ether, washed 
twice with 70 ml of .saturated sodium hydrogen carbonate solu- 
tion each time and the combined aqueous phases were extracted 
once with 140 ml of diethyl ether. The combined organic phases 
were washed with 70 ml of saturated sodium chloride solution, 
dried over magnesium sulphate and evaporated in a vacuum. The 
brown oil obtained was dissolved in 20 ml of anhydrous di- 
methylformamide. treated with 366 mg (5.6 mmol) of sodium 
azide and the reaction mixture was heated to 60° while stirring 
for 18 hours. After cooling the solution was poured into 140 ml 
of water and extract.^d twice with 140 ml of diethyl ether each 



. 2132887 

1 50 

time. The combined organic phases were washed once with 
140 ml of water and once with 140 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and the solution 
was concentrated in a vacuum. The brown oil obtained was 
5 purified by column chromatography on silica gel (toluene). 0.55 g 
(73%) of (RS)-1-(2-azido-propyl)-5-methoxy-1 .4-dihydro- 
indeno[1.2-b]-pyrrole was obtained as a colourless oil. 

e) .0.54g (2.0 mmol) of (RS)-1 -(2-azido-propyl)-5-methoxy- 
10 1,4-dihydro-indeno[1.2-b]-pyrrole dissolved in 20 ml of anhyd- 
rous ethanol. vjyas hydrogenated on 54 mg of platinum oxide for 17 
hours. The* (^ataiysV w^ subsequently filtered off. rinsed with 
ethanol and the solvent was drawn off in a vacuum. The colour- 
less oil obtained was dissolved in 50 ml of anhydrous diethyl 
15 ether, filtered and treated while stirring with a solution of 

110 mg (0.95 mmol) of fumaric acid in 10 ml of methanol. The 
mixture was stirred at room temperature for 22 hours and the 
white crystals were subsequently filtered off. 500 mg (83%) of 
(RS)-2-(5-methoxy-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
20 methyl-ethylamine fumarate (1:0^5) with m.p. 194° were obtained. 

Example 72 

a) A solution of 0.95 g (3.1 mmol) of (2RS/4RS)-2-(4,5- 
25 dihydro-4-phenyl-1-H-benz[g]indol-1-yl)-1 -methyl-ethylamine 
in 15 ml of anhydrous pyridine, was treated with 15 ml of acetic 
-anhydride and heated to 50° for 30 minutes while stirring. The 
reaction mixture was subsequently poured on to ice and treated 
with 70 ml of saturated sodium hydrogen carbonate solution. The 
30 mixture was extracted twice with 100 ml of dichloromethane 
each time and the combined organic phases were washed once 
with cold 3N sulphuric acid and once with cold saturated sodium 
hydrogen carbonate solution. After drying the solution over rnag- 
nesium sulphate the solvent was drawn off in a vacuum and the 
35 residue was taken up with 40 ml of anhydrous dioxan. 729 mg 
(3.21 mmol) of DDQ were added and the mixture was boiled under 
reflux for 1 hour. Subsequently, the reaction mixture was 
concentrated in a vacuum and the residue was purified by column 
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chromatography on silica gel (dichloromethane/methanol 20 D 
There was obtained 0.69 g (64%) of (RS)-N.t2-(4-pheny|.1.H ' 
benztg),ndol-1.W)-1-methyl-ethyll-acetamide as a pale brown 
sol,d Which was used in the next reaction without further 
5 recrystallization. lurtner 

b) A mixture of 670 mg (1 .96 mmol) of (RS)-N-[2-(4-phenyl- 
1-H-benz[g]indol-1-yl)-i-methy|.ethylJ-acetamide, 1 32 g 

^ ""^"^"'""^ ^'"'""''"'^ ^5ml of water' and 

10 30 rpl of ethylene glycol was boiled under reflux for 46 hours 
The reajbpn mixture was subsequently poured info 80 ml of ' 
^T^f ^T""'^"'"""^ solution and extracted twice with 
80 ml of ethyl acetate each time. The combined organic phases 

5 ZZ ""'"f 'OO^' °' saturated sodium chloride 

5 soluhon and dned over magnesium sulphate. After concentration 
,n a vacuum the residue was purified by column chromatography 

raos nl' "'''?:,~™''""°' '-'^ resulting oil 

[308 rng (1.03mmol)J was dissolved in 30 ml of anhydrous 

- of 19 mg {1.03 mmol) of fumaric acid in 6 ml of methanol The 
mature was stirred at room temperature for 20 hours and the 
7BS,o7r^'^ ""T Off. 308 mg (41%, of 

RS,-2.(4-phenyl-i -H-benz[glindol-l -yl).i -methyl-ethylamine 
fumarate (1:0.7) with m.p. > 230o were obtained. 

Examplt^ 73 

a) A solution of LDA, prepared at O" from 3.12 ml (22 mmol) 

(1 6n' ^1.°"'"":'"" <'^'"'"°" °' n-bu.Jili.hium 

Ihh H ^"^y^'°"^ tetrahydrofuran was 

added dropwise while stirring during 10 minutes to "a solution 

roo:: ",rh°H"'^ °' ^--^oxy-l-lndtone 

.n 300 ml of anhydrous tetrahydrofuran. After 15 minutes a 
solution of 1.62 ml (20.2 mmol) of chloroacetone in 40 ml of 
anhydrous tetrahydrofuran was added dropwise to the solution 
durmg 5 mmutes and the mixture was subsequently stirred at 
room temperature for 2 hours. The reaction mixture was poured 
on to 150 ml of ,ce, 150 ml of saturated sodium chloride 
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solution were added and the mixture was extracted twice with 
300 ml of diethyl ether each time. The combined organic phases 
were washed once with 200 ml of saturated sodium^hloride 
solution, dried over magnesium sulphate and concentrated in a 
5 vacuum. The crude product obtained was purified by column 
chromatography on silica gel (hexane/diethyl ether 3:2, then 2 3) 

1.8 g (45%) of (RS)-6-methoxy-2-(2-oxopropyl)-1-indanone were 
obtained as a red oil. 

10 b) A solution of 1.8 g (8.3 mmol) of (RS)-6-methoxy-2-(2- 
oxopropyO-l-indanone and 70 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator A 
solution of 2.48 g (33 mmol) of (RS)-1 -amino-2-propanol in - 
20 ml of anhydrpus , toluene were added dropwise to the boiling 
15 solution over a period of 5 minutes. Subsequently, the mixture 
was boiled for a further 3 hours, during which the solvent was 
reduced to a volume of 30 ml. The cooled reaction mixture was 
purified by column chromatography on silica gel (diethyl ether/ 
hexane 7:3). 1.37 g (65%) of (RS)-1-(7-methoxy-2-methyl-1 4- 
dihydro-indeno(1.2-b]pyrrol-1-yl)-propan-2-ol were obtained as 
a solid with m.p. 110°. 

c) 0.81ml (10.5 mmol) of methanesulphonyl chloride 'was 
added dropwise while stirring to a solution, cooled to 0°. of 
1.35 g (5.3 mmol) of (RS)-1 -(7-fnethoxy-2-methyl-1 .4-dihydro- 
mdeno[1,2-b]pyrrol-1-yl)-propan-2-oI and 2.9 ml (20.9 mmol) of 
triethylamine in 40 ml of dichloromethane. The reaction mixture 
was subsequently added to 70 ml of water, extracted twice with 
100 ml of dichloromethane each time and the combined organic 
phases were washed once with 70 ml of saturated sodium hydro- 
gen carbonate solution and once with 70 ml of saturated sodium 
chloride solution, dried over magnesium sulphate and evaporated 
in a vacuum. The brown oil obtained was dissolved in 40 ml of 
anhydrous dimethylformamide. treated with 0.68 g (10.5 mmol) 
of sodium azide and the reaction mixture was heated to 80° while 
stirring for 23 hours. After cooling the solution was poured into 
70 ml of water and extracted twice with 100 ml of ethyl 
acetate each time. The combined organic phases were washed 
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once with 70 ml of water and once with 70 mi of saturated 
sodium chloride solution, dried over magnesium sulphate and the 
solution was concentrated in a vacuum. The brown oil obtained 
was purified by column chromatography on silica gel (toluene). 
5 0.93 g (62%) of {RS)-1-(2-azido-propyl)-7-methoxy-2-methyl- 
1 .4-dihydro-indeno[1 .2-b]pyrrole was obtained as a colourless 
oil. 



d) 0.92 g (3.3 mmol) of (RS)-1 -(2-azido-propyl)-7-methoxy- 
10 2-methyl-1.4-dihydro-indeno[1.2-b]pyrrole dissolved In 70 ml of 
anhydrous ethanol was hydrogenated on 90 mg of platinum oxide 
for 16 hours. The catalyst was subsequently filtered off, rinsed 
with ettiariol arid ^ was drawn off in a vacuum. The 

colourless" bli obtained was dissolved in 70 ml of anhydrous 
15 diethyl ethei-, filtered and treated while stirring with a solution 
of 160 mg (1.4 mmol) of fumaric acid in 15 ml of methanol. The 
mixture was stirred at room temperature for 17 hours and the 
white crystals were subsequently filtered off. 800 mg (78%) of 
(RS)-2-(7-methoxy-2-methyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrol-1 - 
20 yl)-1-methyl-ethylamine fumarate (1:0.5) with m.p. 187-1 88° 
were obtained. 

Exan.ple 74 

25 a) A solution of LDA, prepared at 0° from 4.25 ml (30 mmol) 
of diisopropylamine and 18.8 ml (30 mmol) of N-butyllithium 
(1.6N in hexane), in 60 ml of anhydrous tetrahydrofuran was 
-added dropwise while stirring during 15 minutes to a solution, 
cooled to -70°, of 3^4 g (20 mmol) of 5-methoxy-1-indanone in 

X 350 ml of anhydrous tetrahydrofuran. After 45 minutes a 
solution of 1.6 ml (20 mmol) of chloroacetone in 60 ml of 
anhydrous tetrahydrofuran was added dropwise to the solution 
during 15 minutes and the mixture was subsequently stirred at 
room temperature for 2 hours. The reaction mixture was poured 

35 on to 150 ml of ice, 150 ml of saturated sodium chloride 

solution were added and the mixture was extracted twice with 
300 ml of diethyl ether each time. The combined organic phases 
were washed once with 200 ml of saturated sodium chloride 
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solution, dried over magnesium sulphate and concentrated in a 
vacuum. The crude product obtained was purified by column 
chromatography on silica gel (hexane/diethyl ether 3:7). 1.4 g 
(32%) of (RS)-5-methoxy-2-(2-oxopropyl)-1 -indanone were 
5 obtained as a solid with m.p. 73^. 

b) A solution of 1 .2 g (5.5 mmol) of {RS)-5-methoxy-2-(2- 
oxopropyl)-1 -indanone and 60 mg of p-toluenesulphonic acid in 
70 ml of anhydrous toluene was heated on a water separator. A 

ID solution of 1 .65 g (22 mmol) of (RS)-1-amino-2-propanol in 
20 ml pf anhydrous toluene was added dropwise to the boiling 
solution over ja period of 5 minutes. Subsequently, the mixture 
was boiled' fbr a^^ f^^^^ 3 hours, during which the solvent was 
reduced to a volume of 30 ml. The cold reaction mixture was 

15 purified by column chromatography on silica gel (diethyl ether/ 
hexane 7:3). 1.17 g (82%) of (RS)-1 -(6-methoxy-2-methyl-1 ,4- 
dihydro-indeno[1 .2-b]pyrrol-1-yl)-propan-2-ol were obtained as 
an oil. 

20 c) 0.7 ml (9.0 mmol) of methanesulphonyl chloride was added 
dropwise while stirring to a solution, cooled to 0^, of 1.16 g 
(4.5 mmol) of (RS)-1 -(6-methoxy-2-methyl-1 .4-dihydro-indeno- 
[1 ,2-b]pyrrol-1-yl)-propan-2-ol and 2.5 ml (18 mmol) of trieth- 
ylamine in 50 ml of dichloromethane and the solution was stirred 

25 at this temperature for a further 1.5 hours. The reaction mixture 
was subsequently added to 70 ml of water, erxtracted twice 
with 100 ml of dichloromethane each time and the combined 
organic phases were washed once with 70 ml of saturated 
sodium hydrogen carbonate solution and once with 70 ml of 

30 saturated sodium chloride solution, dried over magnesium sul- 
phate and evaporated in a vacuum. The brown oil obtained was 
dissolved in 40 ml of- anhydrous dimethylformamide. treated 
with 0.58 g (9.0 mmol) of sodium azide and the reaction mixture 
was heated to 80^ while stirring for 16 hours. After cooling the 

35 solution was poured into 70 ml of water and extracted twice 
with 100 ml of ethyl acetate each time. The combined organic 
phases were washed once with 70 ml of water and once with 
70 ml of saturated sodium chloride solution, dried over magnes- 
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ium sulphate and the solution was concentrated in a vacuum. The 
brown oil obtained was purified by column chromatography on 
silica gel (toluene). 0.86 g (55%) of (RS)-1 -(2-a2ido-propyl)-6- 
methoxy-2-methyl-1 ,4-dihydro-indeno[1 .2-b]pyrrole was 
5 obtained as a colourless oil. 

d) 0.85 g (3.0 mmpi) of (RS)-1 -(2-azido-propyl)-6-methoxy- 
2-methyl-1 ,4-dihydro-indeno[1 ,2-b]pyrrole dissolved in 50 ml of 
anhydrous ethanol was hydrogenated on 85 mg of platinum oxide 

10 for 17 hours. The catalyst was subsequently filtered off, rinsed 
with ethanol, gind the solvent was drawn off in a vacuum. The 
colourless 'm^ was dissolved in 70 ml of anhydrous 

diethyl ether, filtered and treated while stirring with a solution 
of 155mg (1.3mmol) of fumaric acid in 15 ml of methanol. The 

15 mixture was stirred at room temperature for 19 hours and the 
white crystals were subsequently filtered off. 780 mg (83%) of 
(RS)-2-(6-methoxy-2-methyl-1 .4-dihydro-4ndeno[1 ,2-b]pyrrol-1 - 
yl)-1 -methyl-ethylamine fumarate (1:0.5) with m.p. 2^5^ were 
obtained. 



Tablets of the following composition were manufactured in 
a conventional manner: 



20 



Example A 



25 



mg/tablet 



Active substance 
Powd. lactose 



100 
95 
35 
8 
10 

Z 
250 



30 White corn starch 
Polyvinylpyrrolidone 
Na carboxymethylstarch 
Magnesium stearate 



Table weight 



35 



1 56 
Example B 



2132887 



Tablets of the following composition are manufactured in 
the usual manner: 

mg/tablet 



Active substance 200 

Powd. lactose 100 

White corn starch 64 

PolyYlnyipyrrolidone 12 

N a ' cai r b0.x y m e t h y I s t a rc h 20 

Magnesium stearate 4 

Table weight '400 



Example C 

Capsules of the following compostion are manufactured in 
the usual manner: 

m g/capsule 



Active substance 50 

Cryst. lactose 60 

Microcrystaliine cellulose 34 

Talc 5 

Magnesium stearate J. 

Capsuie fill weight 400 



The active substance having a suitable partical size, the 
crystalline lactose and the microcrysta^li^e cellulose are homo- 
geneously mixed with one another, sieved and thereafter talc and 
magnesium stearate are admixed. The finished mixture is filled 
into hard gelatine capsules of suitable size. 
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Claims 

1. Compounds of the general formula 
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NH, 



10 



R5 to R7 
X 



wherein 

R1 to R4 each signify hydrogen, halogen, lower alkyl. 

phenyl, cycloalkyi or lower alkoxy and R2 
additionally signifies lower alkoxycarbonyl. 
acyloxy or mesyloxy; 
each signify hydrogen or lower alkyl; 
signifies -CH2CH(C6H5)-, -CH=C(C6H5)-. -YCH2-, 
-CH«CH- or -(CR11R12)„; 
15 RII and R12 each signify hydrogen, phenyl, lower alkyl or 

halogen; 

n signifies 1 to 3 and 

Y signifies O or S. 

as well as pharmaceutically usable salts of basic compounds of 
20 formula I with acids. 



2. Compounds according to claim 1. wherein R5 signifies 
hydrogen or lower alkyl. 

25 3. Compounds according to claim 2, wherein R5 signifies 

methyl. 



4. Compounds according to claim 3, wherein Ri. R3 and 
R4 signify hydrogen and R2 signifies halogen, lower alkyl or 
30 methoxy. 
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5. (S)-2-(4.4,7-Trimethyl-1 ,4-dihydro-indeno[1 .2- 
b]pyrrol-1 -yl)-1 - methyl-ethylamine. 

6. (S)-2-(7-Methoxy-4.4-dimethyl-1 .4-dihydro- 
indeno[1 ,2-b]pyrrol-i -y I)- 1 -methyl-ethylamine. 

7. (S)-2-(7-Ethyl-4,4-dimethyl-1 .4-dihydro-indeno[1.2- 
b]pyrrol-1 -yl)-1 - methyl-ethylamine. 

. ^ 6, (S)-2-(7-Methyl-1.4-dihydro-indeno[1,2-b]pyrrol-1- 

y 1) r 1 -me t h y-l* e t h y I a m i n e . 

' ■ • ' I. 

9.(S)-2-(7-Brom-1 .4-dihydro-indeno[1 ,2-b]pyrrol-1 -yl)-1 - 
methyl-ethylamine. 

1 0 (S)-2-(7-Methoxy-1 ,4-dihydro-indeno[1 .2-b]pyrrol-1 - 
yl)-1 - methyl-ethylamine. 

1 1 . (S)-2-(7-Chloro-1 .4-dihydro-indeno[1 .2-b]pyrrol- 1 - 
yl)-1 - methyl-ethylamine. 

12. ' (S)-2-(8-Methoxy-1H-benz[g]indol-1-yl)-1-methyl- 
ethylamine. 

13. Compounds of the general formula 




II 



wherein R1 to R'^ and X have the significances given in claim 
1 and R9 signifies a residue convertible into an amino group 
or a hydroxy group. 
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14. Compounds according to any one of claim<5 i tn io , 
use as therapeutically active substances. ^ 

5 15. Compounds according to any one of claims ^ ^o ir. 

c<.sorders. addiction, obesity, bulimia damaoes o, 

nervous sv^t^^m Kw udmages of the 

etc.; cardiovasl'ar 2Z ative diseases 

stroke ^ZJ^lV "^P-'-^iO". .h™,r,bosis, 

^v-.. cxnu gastromtestma disorder<: cui-h x 

the gastrointestinal tract motility dysfunction of 

.0 any'Le o, c^'r^r,";: "^^"f °' --Pounds according 
y e oi cia.ms 1 to 12. which process comprises. 

a) converting a compound of the general formula 



25 




Ila 



wherein Ri to R7 anH y k-.. 

1 and R81 s onLr^ . ^ ='9"""=ances given in claim 
group. """^ convertible into an amino 

30 into a corresponding amino compound and 

1 a';;:rce::crrcc::ar''r '--^ — ^ 
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17. A medicament containing a compound according to any 
one of claims 1 to 12 and a therapeutically inert carrier material. 

18. A medicament according to claim 17 for the treatment 
or prevention of central nervous disorders such as depressions, 
bipolar disorders, anxiety states, sleep and sexual disorders, 
psychoses, schizophrenia, migraine and other conditions assoc- 
iated with cephalic pain or pain of a different kind, personality 
disorders or obsessive compulsive disorders, social phobias or 
panic states^ mental organic disorders, mental disorders in child- 
hood. aggres;sivity, age-related memory disorders and behavioural 
disorders, addiction, obesity, bulimia etc.; damages of the 
nervous system by trauma, stroke, neurodegenerative diseases 
etc.; cardiovascular disorders such as hypertension, thrombosis, 
stroke etc.; and gastrointestinal disorders such as dysfunction of 
the gastrointestinal tract motility. - 

19. The use of compounds according to any one of claims 1 
to 12 in the treatment or prevention of illnesses. 

20. The use of compounds according_to any one of claims 1 
to 12 in the treatment or prevention of central nervous disorders 
such as depressions, bipolar disorders, anxiety states, sleep and 
sexual disorders, psychoses, schizophrenia, migraine and other 
conditions associated with cephalic pain or pain of a different 
kind, personality disorders or obsessive compulsive disorders, 
social phobias or panic states, mental organic disorders, mental 
disorders in childhood, aggressivity, age-related memory 
disorders and behavioural disorders, addiction, obesity, bulimia 
etc.; damages of the nervous system by trauma, stroke, 
neurodegenerative diseases etc.; cardiovascular disorders such as 
hypertension, thrombosis, stroke etc.; and gastrointestinal 
disorders ■ such as dysfunction of the gastrointestinal tract 
motility. 

21. The use of compounds according to any one of claims 1 
to 12 for the manufacture of medicaments for the treatment or 
prevention of central nervous disorders such as depressions. 
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bipolar disorders, anxiety states, sleep and sexual disorders, 
psychoses, schizophrenia, migraine and other conditions assoc- 
iated with cephalic pain or pain of a different kind, personality 
disorders or obsessive compulsive disorders, social phobias or 
panic states, mental organic disorders, mental disorders in child- 
hood, aggressivity. age-related memory disorders and behavioural 
disorders, addiction, obesity, bulimia etc.; damages of the 
nervous system by trauma, stroke, neurodegenerative diseases 
etc.; cardiovascular disorders such as hypertension, thrombosis, 
stroke etc.; and gastrointestinal disorders such as dysfunction of 
the gastrointestinal tract motility. 
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22. Compounds in accordance with any one of claims 1-12, 
whenever prepared according to the process as claimed in claim 
16 or by an obvious chemical equivalent thereof. 
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The invention as hereinbefore described. 2132887 
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24. A method of treating or preventing of central nervous 
disorders such as depressions, bipolar disorders, anxiety states, 
sleep and sexual disorders, psychoses, schizophrenia, migraine 
and other conditions associated with cephalic pain or pain of a 
different kind, personality disorders or obsessive compulsive 
disorders, social phobias or panic states, mental organic 
disorders, mental disorders in childhood, aggressivity. age- 
related memory disorders and behavioural disorders, addiction, 
obesity, bulimia etc.; damages of the nervous system by trauma, 
stroke, neurodegenerative diseases etc.; cardiovascular disorders 
such a^s.: hypertension, thrombosis, stroke etc.; and gastro- 
intestinal disorders such as dysfunction of the gastrointestinal 
tract motility, which comprises administering to a patient 
requiring such treatment an effective amount of a compound in 
accordance with any one of claims 1-12. 
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